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INTRODUCTION 
We have been funded by Region of Southern Denmark to undertake a Systematic Literature 
Review of the use of handhelds by nurses in short stay units in hospitals. 
The immediate institutional background was provided by the challenges of meeting quality 
standards of patient care at department M at OUH Svendborg Sygehus with its demanding pace 
and case-mix of staff and patients, while preparing for a new short stay unit. This was the 
rationale for formulation of a project proposal to the Region to test handhelds at a ‗clinical 
proof-of-concept‘ level. This application was, however, seen as being for a development project 
and as an alternative, a systematic literature review on the use of handhelds as a multi-function 
tool by nurses was funded as input for a potential mini-HTA. We therefore interpreted the task 
for this review as including a demonstration, at the methodological proof-of-concept level, of 
the relationship between a scientific literature and a policy-relevant mini-HTA. 
The wider policy background is the Region‘s vision of healthcare for the future which is 
characterised as coordinated and patient-centred, up to date and quality-minded, and effective 
and competitive [http://www.nytouh.dk/wm275081]. A number of reports have stressed the 
need for innovative use of Information Technology (IT) and taking patients´ expanding role into 
account when pursuing the integration required if patient acute care pathways are to meet the 
requirements of the Danish Quality Model (1).The possible use of handhelds by nurses in short 
stay units represents one specific innovation within this wider movement towards e-Health.  
Despite the lack of health political focus on the e-health arena, an eclectic picture is 
emerging of a constantly expanding taskforce among several, and diverse, actors. Well- 
functioning solutions for e-health is not any longer a possibility but an absolute 
prerequisite for an effective and coherent health care service. Well-functioning e-health 
puts demands for leaders as well as staff in order to change and improve. The question is, 
whether we are up to keep being a fore-going-land (being innovative) or if there is a need 
to look at others countries´ successes /innovations /improvements at the e-health arena? 
[http://e-sundhedsobservatoriet.dk][ 
DEFINITIONS 
We use the following definitions and abbreviations/acronyms;  
Handheld (HH): a pocket-sized computing device, typically having a display screen with touch 
input or a miniature keyboard. In 1996, Nokia introduced the first mobile phone with full 
Personal Digital Assistant (PDA) functionality, the 9000 Communicator, which has since grown 
to become the world's best-selling PDA and has spawned a category of phones called the 
5 
smartphone. Today the vast majority of all PDAs are smartphones, selling over 150 million 
units while non-phone ("stand-alone") PDAs sell only about 3 million units per year. The HTC, 
Apple iPhone, Nokia N-Series, and RIM BlackBerry are typical smartphone brands. In the case 
of most Personal Digital Assistant (PDA) and smartphone devices the input and output are 
combined into a touch-screen interface and some offer integrated data capture devices like 
barcode, RFID (Radio Frequency Identification) and smart card readers. They typically have 
the ability to connect to the internet via Wifi or 3rd Generation (3G). In Denmark the term PDA 
is the most used.  
Nurses are defined to include Registered Nurse (RN) (Danish equivalent ―sygeplejerske‖, 
Specialist Nurses (e.g. in Intensive Care Units (ICU), Pediatrics, Psychiatry, Geriatrics), 
Advanced Practitioner Nurses (AP) as well as Administrative/Head/Chief Nurses . Also 
included are Licenced Practitioner or Licenced Practical Nurse (Danish equivalent ―social- og 
sundhedsassistent (SSA)) which is an authorized term used for graduates of a 1 year and 8 
months program). A Nursing student is Undergraduate (UG) before becoming a Registered 
Nurse and a Postgraduate Student (PG) after authorisation is achieved, and while subsequent 
studies (e.g. Masters) are done.  
Short stay unit: As a reaction to the multiple names for emerging acute admission settings in 
Australia and to create a national information and networking service for health professionals 
with unifying terminology the term ‗short stay unit‘ is used as the common, overarching name 
for a variety different types of admission units by The Australian Resource Centre for 
Healthcare Innovations (ARCHI). We have followed this practice. [http://www.archi.net.au/e-
library/build/moc/implementing_emoc/aboutssu] In Great Britain the equivalent term is either 
acute assessment unit or acute admissions unit (AAU). In Denmark, the concept of acute 
admission unit is novel, too. ―Acute Admission Unit‖ (for medical patients) (AMA) is being 
transformed into ―Common Acute Admission Unit‖ (Fælles Akut Modtagelse (FAM)) 
(including surgical and medical patients) according to a political strategy for acute care/pre 
hospital care, formulated by the National Board of Health (www.sst.dk).  
 
THE DANISH EXPERIENCE 
―Hvad enhver sygeplejerske bør vide om datamater‖ was translated from ―What every NURSE 
need to know about COMPUTERS‖ by the Danish Council of Nurses (DSR) in 1987, 3 years 
after its US publication. (2). It lists the merits, the need and demand to learn and excel in the 
new EDB-language to benefit the patients and the nursing profession. ..‖Sygeplejersker med 
datamatkendskab er de sygeplejeudøvere, der bliver ansvarlige for at styre teknologien i den 
rigtige retning. Retningen vil revolutionere patientplejen. Sygeplejersker med viden, visioner og 
en vilje til at løbe en risiko vil være de sygeplejersker, der kritisk analyserer 
datamatteknologien, og som aktivt involverer sig i at designe det programmel, der består af de 
bedste elementer fra teknologien og de bedste elementer fra patientplejen. Sygeplejersker med 
datamatkendskab er også professionens visionærer. De vil enten fatte det særlige i EDB-
revolutionen og på den baggrund foretage de nødvendige tilpasninger til patientplejen, eller de 
vil tillade, at kontrollen med deres praksis forsvinder. Denne bog omhandler datamatteknologi 
og dens virkninger på: sygeplejepraksis, ledelse, forskning og uddannelse‖  
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A request 23 years later on ―the use of handhelds by nurses in short stay units in hospital‖ 
elicited the response from the Danish Journal of Nurses expert nurse on health IT that 
handhelds were an unexplored area, in primary as well as in secondary sector: ―Det med de 
håndholdte er nærmest uudforsket område, både i primær og i sekundær sektor. Det vover jeg 
at hævde, fordi det er noget vi diskuterer, både i de fora, vi sidder i vedr. patientsikkerhed, 
digitalisering mv., og på Aalborg Universitet, der er mest fremme indenfor 
sundhedsinformatik” [Gunilla Svensmark, DSR [personal communication quoted with 
permission]  
A standard search using databases found one peer-reviewed paper reporting on a development 
project in 2005, where a neonatal clinic at the Copenhagen University Hospital (Rigshospitalet) 
became a pilot department for the Electronic Patient Medication (EPM) that had been decreed 
by the region (Region Hovedstaden). As a tangible result of the project a survey among all 
nurses carried out by Department of Informatics at Rigshospitalet in 2005 found that 84% of the 
nurses at the neonatal clinic 5023 used PDA compared to only 36% of nurses overall at 
Rigshospitalet. As a consequence of challenges during implementation a clinical 
implementation team (KIT) was formed (3). In June 2010 an update will be published but it is 
currently embargoed [Stenkjær, personal communication May 27th 2010].  
More information about our email and personal enquiries regarding nurses and HHs in 
Denmark may be obtained from MKK.  
Some material exists in relation to the use of HHs by hospital doctors, and the use of HHs by 
nurses in primary care. 
In regard to the use of handhelds in short stay units in hospital, a survey was performed on 
physicians´ use of computers as part of a technical report on developing and evaluating mobile 
e-learning to junior physicians (4).A survey of the use of HH was performed as part of the study 
and is reported as a combined viewpoint and review bringing Danish data on the use of HH in 
medical acute care settings, by physicians. 
Outside the hospital sector in primary care, the use of HH by nurses in Denmark, including 
acute visits, was prompted by the Ministry of Social Affairs funding a pilot project in 2003: Six 
communes, six stakeholders, and six IT-suppliers together tested the possibilities for handheld 
IT-tools in communal health care in Denmark. At www.caremobil.dk several reports about the 
project, including a business case and a tool for the communes, can be found and excerpts are 
featured later as a Danish example of the use of HHs by nurses, social- and health care 
assistants, and ―visiting administrative allocator of community care‖ (visitator). 
The present status of the use of HH by nurses in short stay units in hospitals is at best ―grey‖, 
being embedded in ongoing pervasive projects generated from the common acute admission 
unit (FAM) at Horsens hospital. (Also known as the iHospital due to its expanding networks 
and collaboration with the virtual centre for health informatics at Aalborg University and the 
Centre for Pervasive Health in Aarhus.) [http://www.pervasivehealthcare.dk  and 
http://www.ihospital.dk] 
Back to the Future or maybe Forward to the Past? While exciting new developments are 
occurring  in the Danish IT infrastructure such as RSI, and a Southern Cosmic result, the move 
to a more than tokenistic ‘patient-centred‘ approach will almost certainly require much  more 
attention to the involvement of nurses at the POC (and hence the use of handhelds) than it is 
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currently receiving. The organisational demands are huge as outlined in a review on Nurse 
staffing and patient, nurse, and financial outcome(5).The educational challenge is being met in 
North America by the TIGER initiative where nurse educators provide useful guidelines (6). 
But a 2009 report on specialisation by the Danish Council of Nurses barely mentioned IT or 
health informatics [Specialiseringer i sygeplejen – udvikling af en fælles begrebsramme].  
This is in contrast to the 2010 report on FAM by Region South which stresses the importance of 
rethinking education in the training of junior physicians in acute medicine, because the 
necessary competences and necessary technology must be present in FAM 24/7.  ‗The 
challenge of FAM thus is to create the framework for the right match between the patient´s 
needs and the existing resources and competences‖ [Integration af den lægelige 
videreuddannelse i de fælles akutmodtagelser i Region Syddanmark, p.4].  
 ―What every NURSE should know about COMPUTERS‖ remains highly relevant in 
Denmark. 
 
A ‘DISRUPTIVE INNOVATION’ IN A COMPLEX ENVIRONMENT 
The introduction of handheld devices for use by nurses at the Point of Care (POC) in a acute 
admission/short stay unit -  or indeed their use by any professionals in any health care setting -  
will inevitably constitute a ‗disruptive innovation‘ in a ‗wicked environment‘ (i.e. a complex 
adaptive socio-technical system) . 
Full awareness and acceptance of the complexity of the situation in which both the devices and 
nurses will be embedded is vital to both the ex post evaluations of the sort that is found in a 
literature search and the ex ante analyses necessary for effective policy decision support (and 
hence relevant to an HTA or mini-HTA). 
It is also vital to recognise that any classification of the literature on such a wide-ranging topic 
is necessarily a subjective construction. We have arrived at a structure that we believe is 
optimal in relation to the development of the practical, policy-relevant and patient-centred 
(mini-)HTA that is the ultimate aim of the exercise. In pursuit of this aim, our approach was 
designed to ensure that the review - unlike many conventional ‗science-oriented‘ ones - did not 
immediately exclude literature that addresses the complex and multiple interactions among 
technology, practitioner, task, patient and organisation, in both the introduction and subsequent 
normal functioning phases), and provides a valid basis of reasonable inference in regard to the 
multi-tasking and multi-function potential of the handheld devices that are available in early 
2010 or will be available later in the year or in 2011. 
 
SEEKING A BALANCED VIEW 
 
Handhelds can impact on virtually all the commonly understood nursing activities as identified 
by Powell-Cope and colleagues and pictured in their conceptual model (Figure 1): direct 
nursing care delivery technology, indirect nursing care delivery technology, communication 
technology, patient and nurse protective devices, nurse protective devices, patient assessment, 
monitoring and surveillance, patient assistive devices, remote monitoring, continued learning, 
and pattern identification.(7) 
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Like many other Powell-Cope et al are keen to emphasise that the multiple potential benefits 
that may result from the use of handhelds by nurses - which will emerge as the dominant theme 
of this review - needs to be tempered by the realisation that  
 
... the benefits of a specific technology may not be realized due to four common pitfalls: 
(1) poor technology design that does not adhere to human factors and ergonomic 
principles; (2) poor technology interface with the patient or environment; (3) inadequate 
plan for implementing a new technology into practice; and (4) inadequate maintenance 
plans... Technology has been described as both part of the problem and part of the 
solution for safer health care, and some observers warned of the introduction of yet-to-be 
errors after the adoption of new technologies... Problems may emerge based on the sheer 
volume of new devices, the complexity of the devices, the poor interface between 
multiple technologies at the bedside, and the haphazard introduction of new devices at the 
bedside. 
 
We can endorse their view that 
 
While patient care technology offers many opportunities to improve nurse productivity 
and satisfaction, operational efficiency, patient satisfaction, safety, and quality, there is 
little research evaluating the outcomes of specific patient care technologies. Bar-coding, 
scanning, and robotics have been shown to improve efficiency and decrease costs… 
Moderate evidence is available supporting use of electronic medical records and 
automated drug-dispensing machines, with reports of increases in nurse satisfaction, 
retention, and productivity, as well as decreases in errors. Despite the limited research 
available to support the benefits of technology, a recent Institute of Medicine report (8) 
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identified use of information technologies to automate clinical information as one of the 
keys to safer, quality health care systems 
 
  
However this lack of evidence should be interpreted correctly and cautiously. As noted above 
the problems of evaluating rapidly developing technologies within complex sociotechnical 
systems are increasingly well understood and accepted as the basis for multi-method and more 
flexible approaches to evaluation, a position reflected in the present review. In the section on 
Framework articles below we meet the arguments by Johanna Westbrook and colleagues on 
evaluating technical innovation in complex sociotechnical systems (9). Related arguments are 
made by Michael Drummond and colleagues on the differences between evaluating devices and 
drugs and the implications for the use of ‗robust‘ study designs (10), and by Richard Lilford 
and colleagues (11) and by Julie McGowan and colleagues (12) on the need for continuous 
formative evaluation - as well as any summative evaluation. 
 
   
 
‘MUST-HAVE’ MULTIPLE FUNCTIONS FOR HANDHELDS IN 2010 
Their multi-functionality (in addition to rapid technical change) is one of the major source of 
the wickedness of evaluating handhelds and, from the present point of view, assessing the value 
of existing studies. The cumulative effect on all processes and outcomes may be very different 
from the sum total of individual uses typically reported in robust studies, most of which have 
only been able to be robust by limiting their focus to a single function. The ‗Must have‘ list 
complied from a recent US survey  (13) is presented in the following diagram and confirms the 
wide range of functions and hence the difficulty of concluding anything from the results in 
relation to any one. 
 
It is interesting to note that this particular report was assessing the iPad‘s future in health care 
and argues that it checks only two or three of the ten (the weight and wifi criteria, arguably the 
ergonomic one).  
10 
CONCLUSIONS 
As a result of our review we arrived at the following conclusions regarding the use of 
handhelds by nurses in acute admission settings - and in fact, by reasonable inference, to their 
use by nurses in other hospital settings. 
Subject to 
• their embedding in a well-functioning and stable wireless environment 
• established interoperability with the electronic patient journal (N.B. this will be much 
simpler with the use of smartphones and the generation of handhelds which post-date 
this review) 
• provision of person-specific devices to all practitioners involved, offsite as well as on 
• assurance for security and privacy of wireless data transfer without dysfunctional 
requirements for logging in 
• assurance for hygienic practice 
• substantive practitioner/user involvement/consultation in device and software 
specification 
• management/administration commitment/‗buy-in‘ and ‗super-user‘ facilitation 
• adequate briefing training and IT support in all phases (though the learning curve and 
training demands will be much reduced by the use of smartphones that many personnel 
are already familiar with as personal devices)   
• multi-method monitoring  and evaluation by predominantly formative methods 
 
the use of suitably-loaded handhelds by nurses at the POC will generate major gains in relation 
to 
• effectiveness and quality of patient care - important in itself but also in reducing length 
of stay 
• patient safety /reduction of adverse events -  important in itself but also in reducing 
length of stay 
• inter-professional communication and collaboration – which is probably a key driver 
and condition of the other gains 
• efficiency in staffing and workflow, producing reduced length of stay and higher 
throughput (with no increased resources) 
• professional satisfaction, stress-reduction and improved morale 
• patient satisfaction with clinical and care pathways as human experiences 
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• patient information, education and involvement in decision making - across all 
languages and cultures assuming relevant translations provided 
While substantial and continuing device-specific training and support will enable many of the 
benefits of handhelds to be realised, their longer term potential will only be realised if nursing 
education embraces informatics education in a whole-hearted way. (6) This will help overcome 
the attraction of simple ‗back to the future‘ use of the new technology (14), i.e. using it to do 
things the old way more efficiently, rather than rethinking the task in the light of the 
opportunities the new technology offers.  
 
12 
LITERATURE REVIEW  
TYPES OF SYSTEMATIC LITERATURE REVIEW 
It is important to distinguish two very different types of Health Technology Assessment and 
hence HTA-supporting SLRs.  
• Science-oriented SLR: focuses on literature seeking causal inferences and retains and 
reports only evidence that meets a defined quality cut-off on a normative scale regarded 
as valid for such inferences 
• Policy-oriented SLR: best available evidence is sought for all policy-relevant 
considerations and no normative quality cut-off is imposed in search for optimal choice 
Camilla Nielsen and colleagues (15) have captured this distinction, and its source, very well: 
... researchers and policy-makers comprise two very different communities with different 
values, ideologies, languages, backgrounds, institutional settings and reward systems etc. … 
these two communities have very different interests which influence the traditionally 
expected output from research and the demands for input to policy. 
Policy-makers need context-specific input to fit the particular purpose. 
This input should be timely; reliable (therefore useful in policy negotiations); concise (so 
policy-makers waste no time) and address specific policy problems (thereby ensuring 
relevance). By contrast, researchers often provide more context-free knowledge using 
systematic and cogent approaches which do not always allow timely inputs to policy-
making. The general demand that output should be research relevant means that often it 
does not capture current policy problems on the political agenda. Validity and thoroughness 
are good qualities from the research perspective but they may collide with the need of 
policymakers. Basically, researchers are occupied with science while policy-makers are 
action-oriented and concerned with obvious and immediate issues. 
They sum up the differences in the following table drawing on the presentation by Phil Davies 
(16): 
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In the policy-oriented case the SLR is conceptualised as a source of direct inputs into a policy-
oriented HTA/mini-HTA. Given this conceptualisation we argue that its structuring should 
accordingly reflect the decision-relevant factors and considerations as closely as possible. In 
following this approach we have organised one of the main section of our review by reference 
to 10 key considerations that can be extracted from the Danish mini-HTA form. 
TYPES OF ARTICLE 
We found it useful to group the relevant literature under 5 main headings 
 Framework Articles which address the task of conceptualising electronic information and 
communication systems in healthcare  and hence evaluating their contribution within the wider 
system in which they are located, both in total and in respect of the many particular elements 
which make them up (stationary computers, bar-coding devices, electronic patient journals and 
handhelds etc) 
 Viewpoint Articles which develop a particular line of argument around the role place and 
value of such systems in whole or part 
 Review Articles which survey the literature on such systems either in whole or particular 
respects such as handhelds 
 Empirical Studies which report on academic research performed and are the basis of our 
evidence-based conclusions.  
 Recent Reports which have not appeared in peer-reviewed journals and may never do so 
because they are market-oriented or vendor-associated in some significant way. They will be 
essential input into future analysis relevant to a handheld adoption decision to be made in 
2010/11 and the results from our review, covering research done in 2008 or earlier in most 
cases, need to be set alongside them. There are obviously vast amounts of such reports and 
commentaries and we merely highlight one or two that seem particularly relevant. 
The prime focus of this review is naturally on the Empirical Studies where we have undertaken 
a comprehensive search. We have also sought out all relevant Review Articles. However it is 
important to recognise the contribution of the Framework and Viewpoint Articles can make to a 
full understanding of the issues surrounding the use of handhelds in healthcare settings. Without 
seeking to be exhaustive, we identify a small selection of each that we have found to offer 
particular insights and summaries appear in the relevant Appendix. 
In the case of each type of article we have attempted to feature a Denmark-based study 
published in Danish, as well as an international ones in English. 
FRAMEWORK ARTICLES 
Featured Article 
Johanna Westbrook and colleagues in Sydney, Australia have been investigating what they call 
the ‗wicked‘ problems that are characteristic of complex adaptive systems like hospitals, 
especially in relation to the introduction of IT systems of various kinds (9). Wicked problems 
are dynamic, involving multiple sets of complex, interacting issues that evolve in an emergent 
social context, so that it is difficult to know when and where to start in addressing them and 
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equally difficult to know when an end point has been reached. Both the ‗problems‘ and the 
‗solutions‘ will always be socially constructed and depend on the particular observer‘s 
standpoint and predilections. Sadly, attempted fixes to wicked problems often contain within 
them other wicked problems. 
 
To grapple with the wicked problem of how to deliver safe and sustainable health systems using 
IT therefore requires, they argue, a deep understanding of the nature and complexity of the 
problems that IT interventions in health care are trying to address. Adopting a sociotechnical 
perspective is essential in generating an evaluation approach that is adaptive and sensitive to the 
characteristics of such a wicked problem which has no mechanistically deterministic resolution. 
In the Westbrook et al. view this means moving away from uni-dimensional evaluation studies 
and traditional positivist scientific methods such as randomized controlled trials and drawing on 
social interactionist, actor-network, and sociotechnical theories in order to focus attention on 
the impact of organizational issues on ICT integration and use. 
 
They accordingly designed and implemented a multimethod evaluation model to assess the 
impact of computerized order entry systems on both the technical and social systems within a 
health care organization. The model components include measurements relating to three 
dimensions of system impact: safety and quality, organizational culture, and work and 
communication patterns and the paper reports on the details of this implementation. 
 
  
Featured Danish Article 
Jacob Bardram, one of the major figures behind the iHospital in Horsens, argues that there is a 
need for a new methodology, even a new discipline, to evaluate complex innovations such as is 
involved in embracing ‗pervasive computing‘. (17) 
 
There is not a one-to-one relationship between research fields and methods; a research 
field may apply many different research methods, and the same research method is used 
in many different fields. For example, the field of pervasive computing applies many 
research methods ranging from ethnography, to qualitative methods, to field experiments, 
to quantitative metrics. Nevertheless, some methodological approaches are more ‗at 
home‘ within a scientific discipline than others; field studies and participant observation 
originate from ethnography; randomized clinical trials and evidence-based medicine 
originate from medicine, and quantitative metrics and performance analysis originate 
from computer science. Here, I want to suggest that a methodological approach, which I 
have labeled ‗clinical proof-of-concept‘ should be core to pervasive healthcare research... 
 
The methods used during this clinical proof-of-concept should be targeted at collecting 
evidence which demonstrate that the technology seems promising in addressing its 
specific goal. These methods would typically be qualitative in nature, involving 
observations, questionnaires, studies of perceived usefulness and usability; but may also 
include more quantitative measures of clinical effect, if possible... Time-wise, a clinical 
proof-of-concept lies in between the traditional laboratory proof-of-concept and a full-
scale clinical trial.... the core idea is to design and construct focused research prototypes 
to a sufficient functionality and usability to investigate evidence for improving health in 
daily use for an appropriate period of time, involving a limited but relevant set of people. 
This method is placing itself – both with regard to timing as well as ambition – between 
the technical proof-of-concepts made in a research laboratory and the resource-
demanding clinical trial. 
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Other Recommended Framework Articles 
Ammenwerth et al. 2003, Ammenwerth et al. 2006, Bakken and Ruland 2009, Harrison et al. 
2007, Lilford et al. 2009, McGowan et al. 2008, and Woolf  2008 are among the many papers 
which make useful contributions to understanding how the wider system within which an IT 
device is conceptualised and interpreted impacts on the way in which its use can and should be 
evaluated.  (11-12, 18-22) 
VIEWPOINT ARTICLES 
Featured Article 
Coming from an interest in the legal and ethical aspects of their use, Kenneth de Ville 
emphasises the importance of a balanced approach to the use of PDAs. Since their use is likely 
to bring much benefit to patients, society, and the medical profession delay in the use of a 
clearly beneficial technology is ethically, and potentially legally, problematic (23). On the other 
hand, precipitous adoption may preclude adequate consideration of a broad range of clinical, 
professional, ethical, and legal issues. However, he is keen to emphasise that while concerns 
about unforeseen consequences, some of the opposition to new technologies will be based on 
little more than practitioner preference or the very common and very human hostility to change 
and affinity for the familiar. This cannot be defended. If a particular use of PDA technology 
offers notable patient benefit with only limited financial burden and patient risk, then it will be 
difficult to oppose legitimately widespread dissemination and use. The protection that ‗‘custom 
and practice‘‘ currently provides health professionals in regards to handheld computers may be 
short-lived. Health professionals are legally required to keep abreast of changing standards of 
care, and the extent to which the use of PDAs is ‗customary‘ or the ‗standard of care‘ is a 
rapidly moving target. ... Moreover, in the US case of Helling vs. Carey 1974 it was held that an 
entire professional field might be negligent for failing to employ a technology that was (1) 
accurate, (2) inexpensive, (3) highly beneficial, and (4) low risk to the patient. Quite simply, de 
Ville point outs, if  patients suffer negative outcomes that could have been avoided by the use of 
PDA or other accessible computer-based means, courts will be less likely to allow custom and 
practice to lag behind inexpensive, practical, and effective technologies and knowledge. In 
summary, though caution is highly advisable with regard to some uses of PDAs, it is equally 
obligatory—ethically and perhaps legally—to rapidly identify those uses for which resistance to 
change is no longer professionally and ethically justified. de Ville accordingly can be 
interpreted as echoing the need for continuous, formative evaluation through the systematic 
collection of data on PDA performance - to slow, or stop, problematic applications of the 
technology, while expanding uses of the devices in the areas of  patient care in which delay is 
no longer defensible. 
 
Featured Danish Article 
The report by Anne Marie Kanstrup, Niels Boye, Pernille Bertelsen, Ellen Christiansen and 
Jan Stage (4) includes an account of a survey of PDA use by Danish doctors (Junior Registrars) 
actually undertaken in 2007 by Pia Lis Jensen. A key finding from this survey was that a PDA 
is seen as a personal technology and this creates tension in the IT context. 
Only at hospitals, where the administration actively has made decision to give PDAs to 
the physicians (e.g. Odense and Aalborg), does the IT-department support the users of 
PDA. We have not got across any national strategy for the use of PDA in hospitals in 
Denmark nor for integration between PDA and other IT-systems used at the hospitals. 
The MINI-project results indicate a tension between the development of health 
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informatics information from a ‘neat-approach‘ (the starting point being department 
specific instructions which follow national, regional and department guidelines) and what 
may be phrased as a ‘scruffle‘ approach (unco-ordinated individual accessing of 
networks of services and personal information tools). Several of the physicians we have 
spoken with have the impression that hospital administrators and IT-departments do not 
see PDA as a relevant work tool to support the knowledge work which physicians 
undertake. They do not encourage physicians to use PDA and avoid being involved if 
possible in supporting PDAs. ―We do not allow users to download their own software on 
to the PDAs‖ and ―We do not support the doctors´ own programs. That would give us 
problems to do that‖ (IT-professional). : ―I don‘t know what physicians use PDA for‖; 
―Physicians may add their own software on the PDAs but they cannot use the hospital´s 
computers to do this, for those they have no administrator rights‖ (IT-professional) 
The physicians´ tradition of  introducing professional innovations/ideas via ―ardent 
souls‖, who themselves develop new work tools, might be a contributing factor for PDAs 
being seen by hospital administrators and IT-departments as an individual tool under 
departmental-specific control and responsibility. [Translation by MKK] 
This situation may be changing... or not. It is an important point to establish in future work. 
Other recommended Viewpoint articles are (24) (20) and (25). 
REVIEW ARTICLES 
Featured Article 
The Review by Lindquist and colleagues (26) is the most recent and relevant view for our topic 
and was used as the basis for our own so receives special attention here. 
The authors undertook an ‗overview on the use of PDAs among all personnel and students in 
health care‘, using Medical Subject Headings (MeSH) and the text words ‗computers 
handheld‘, ‗PDA‘, ‗personal digital assistant‘, ‗microcomputers‘, ‗handheld computers‘, 
‗computers, handheld‘, ‗mini computers‘, ‗pocket PC‘ and ‗palm pilot‘, single and combined 
with ‗nurse‘, ‗nursing‘, ‗medicine‘, ‗physicians‘, ‗healthcare‘, ‗healthcare personnel‘, ‗health 
personnel or students‘. They included all original peer-reviewed research articles written in 
English and published from 1996 to 2008 (their last search being in May 2008). All study 
designs were considered for inclusion, except for studies focusing on the use of PDAs in 
classroom situations. From the 900 references initially screened, 172 articles were selected and 
critically assessed on quality until 48 articles remained. The quality assessment grades for the 
non-trial studies were as below, with papers rated either ‗High‘ or ‗Medium‘ included. 
 
Design* I=High II=Medium III=Low 
Descriptive 
Study 
Large and well 
defined 
consecutive 
sample analyzed 
with adequate 
statistics, long 
follow-up. 
neither 
high nor 
low 
Small sample size, 
indistinctly 
described, follow-
up too short, or 
inadequate 
statistics. 
Qualitative Well defined neither Insufficiently 
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Design* I=High II=Medium III=Low 
Study questions at issue. 
Relevant and well 
described 
selection, data 
collection, and 
analysis. Logically 
and 
understandable 
interpretations and 
conclusions. Good 
communicability 
and conclusions. 
high nor 
low 
defined questions 
at issue, selection 
indistinctly 
described. 
Insufficiently 
described data 
collection, 
analysis, 
interpretations, and 
conclusions. 
Indistinct 
communicability 
and conclusions 
 
The studies showed that health care personnel and students used PDAs in patient care with 
varied frequency. Most of the users were physicians. The authors found some evidence that the 
use of a PDA in health care settings might improve decision-making, reduce the numbers of 
medical errors, and enhance learning for both students and professionals, but the evidence at 
that point was ‗not strong‘, most studies being descriptive with only 6 randomized controlled 
trials (only one of which related to nurses and that was published in 2005).  
 
They discerned a typically positive attitude towards the PDA, which was regarded as a feasible 
and convenient tool, not least because immediate POC access to medical information has the 
potential to improve patient care. Not surprisingly the authors concluded that there is a need for 
further intervention studies, randomized controlled trials, action research, and studies with 
various health care groups in order to identify its appropriate functions and software 
applications. 
 
We used this Lindquist et al. review as a key benchmark for the present one - subsequent to our 
own search (reported above) which concluded that studies published before 2006 - and 
therefore reporting research conducted not later than 2004 - would be excluded on grounds of 
technical obsolescence or other forms of out-of-dateness. 
 
Of the 48 articles in the final Lindquist list, only 8 survived after we eliminated those which did 
not relate to nurses in a hospital setting, or were published before 2006. We then re-ran (in 
February 2010) the Lindquist search strategy from (January) 2008 in order to identify later 
publications meeting their criteria. Since, however, it was not clear whether some of the papers 
which emerged from this updating re-run had been published after their last search, or had 
simply failed their quality assessment, we contacted the authors and obtained their list of 
excluded studies. 28 of the 102 they had excluded were published in 2006 or later and related to 
nurses in a hospital setting so were reviewed. Of these 19 had been excluded as ‗not relevant‘,  
2 as being of ‗low quality‘, 1 as ‗not scientific‘, 1 as being an editorial, 1 as being a short 
communication and 4 as being reviews. Our review concluded that 5 of the 19 were actually 
relevant enough to be included in our list. 
 
In the total of 53 empirical studies finally included in the present review we accordingly have 8 
papers included in Lindquist, 5 papers excluded by Lindquist, 9 pre-2008 papers which were 
presumably not turned up in the Lindquist search (being neither included or in their excluded 
list), and 32 which post-date Lindquist. In our own Quality Rating (see below) we had the 
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Lindquist criteria in mind, though there is clearly considerable scope for variations in 
interpretation of what is ‗neither high nor low‘. 
 
 
Other Review Articles worthy of noting are (27), (28) (29), (14) (30) and(31). 
  
EMPIRICAL STUDIES 
SEARCH STRATEGY 
• ‗computers, handheld‘ and ‗nurs*‘ (English) 
• Yields of empirical studies (after removal of duplicates ): 
• MEDLINE / PubMed 247 
• CIHNAL extra 69 
• DK databases (1, not included in total below) 
• Key Journals (CIN, JAMIA, IJMI) and ‗snowballing‘ from citations  extra 53 
• Initial Total 369 
• Application of Lindquist review strategy (see above) plus filtering out of pre-
2006 and non-peer-reviewed after 2008 leaves 53 retained 
• Apart from the formal search, we made personal contact with a wide variety 
of academic and official persons to ensure full coverage of the literature and 
access information relevant to a policy-centred Review.  [Contact MKK for 
further details.] 
 
DATA EXTRACTION AND PROCESSING OF RETAINED STUDIES 
The 53 retained papers were rated jointly on basis of 24 indicators 
• their overall Content Relevance, Current Relevance, and Internal and External Quality 
(Validity) 
• their specific Content Relevance in relation to 10 Attributes identified as relevant to the 
Handheld adoption decision (see below) 
• the implied Performance of Handhelds on each of these 10 Attributes 
N.B.  We were unable to jointly rate the Danish publications, but in any case only one paper in 
Danish in a peer-reviewed journal emerged from the search (Stenkjaer) 
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Content Relevance 
• On 10 – 1 scale where 10 indicates the judgment that the study included content directly 
relevant to one or more of the review attributes and 1 indicates it had a small but finite element 
of relevant content, usually of a highly indirect sort.  Ratings from 5 upwards indicate studies 
that contain material seen as a reasonable basis for progressively strong inferences regarding the 
identified attributes. 
• Joint discussion between the authors yielded summary estimates of quality and persisting 
differences were resolved by averaging the two ratings. This procedure was adopted in relation 
to all types of Rating. 
Current Relevance 
• On 10 – 1 scale where 10 indicates judgment that it is completely relevant to a decision to be 
taken in 2010 and 1 indicates completely out-of-date. This judgment was mainly a reflection of 
the extent to which the technical characteristics of the device employed have become obsolete 
or it has been completely superceded in performance terms; occasionally changes in 
institutional or environmental circumstances or constraints were influential. 
• A priori a study is rated with the year in which the research or review was carried out (N.B. 
often 3-4 years before publication); e.g. review done in 2006 is rated 6 
• However, this a priori rating was adjusted upwards if the relevant contents were judged not to 
have become out-dated (usually if not device specific); e.g. 2007 research could be adjusted to 9 
Quality ratings: Internal and External validity 
• On 10 – 1 scale where 10 indicates excellent, 1 indicates that the study was of the  minimum 
worthy of retention in the underlying database, and 3 the minimum that would be included 
within the concept of ‗best available evidence‘.  
• In keeping with the decision that a variety of methods (including mixed methods) are valid 
and necessary sources for a policy-centred HTA in relation to a complex intervention and, given 
the use of publication in peer-reviewed journal as the sole methodological filter, Internal 
Quality was defined independently of Study Design. (A descriptive qualitative study could 
therefore be rated  9 or 3  – as may an RCT) 
• The Quality criteria employed were conceptually multi-attributive and, in order to respect the 
relevance of qualitative studies, embraced originality, insight, and clarity as well as more 
conventional ones relating to the rigour and rectitude of the research process (e.g. bias and 
confounding potentials).  
• External validity was normally rated one or two points below internal validity, the gap 
representing the extent to which the results were judged to be exportable beyond the study 
context and, more particularly, importable into the Danish context. 
Handheld performance 
Given, as outlined in the introduction, that the aim of the Systematic Literature Review was to 
provide the basis for a mini-HTA, we decided to structure the review around the mini-HTA 
form. 
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The mini-HTA form contains 26 questions (32).  These were reduced to 10 headings, or 
attributes, in the manner fully explained in Appendix 9. From the point of view of an adoption 
decision in a patient-centred mini-HTA we felt the relevant aspects of the Technology 
perspective were most fruitfully incorporated into the Patient perspective, and accordingly 
ended up with 10 sections: Patient (4), Organisation (3) and Economy (3): 
 Patient: Effectiveness (in relation to intermediate outcomes from diagnosis and 
treatment and ultimately Life Expectancy and Health Related Quality of Life) 
 Patient: Safety (adverse events) 
 Patient:  Quality of Life (beyond HRQOL... employment, social functioning. etc) 
 Patient:  Satisfaction (with healthcare experience/journey) 
 Organisation: Staff and Work environment 
 Organisation: Internal communication and relationships 
 Organisation: External communication and relationships 
 Economic: Start-up Costs 
 Economic: net Financial Implications (2 year time horizon) 
 Economic: net Externalities 
 
The Handheld performance ratings for each study on each of these Attributes are our 
necessarily subjective interpretations of what we have found to be the best available evidence 
for a policy decision (and policy-relevant mini-HTA) at this point in time. To repeat, we 
included studies conducted by a variety of methods, many of which would not meet cut-offs for 
a science-oriented SLR/HTA, but in our view represent the best available evidence.   
The comparator used was No POC Computing and this was rated at 5 on a 1-10 Borg-type ratio 
scale (or 0.5 on the 0-1 scale used in our MCDA.). The implication is that performance rated at 
8 on an attribute is assessed as being 60% better than No POC Computing. The implicit ceiling 
of 100% is intended to bias the results towards a conservative conclusion.  (The zero on the 
scale is a notional ‗No Computing‘ option.) 
Where no relevant literature has been found, all options are default rated equally at 0.5. 
Summary of ratings 
• The full set of ratings for the 53 empirical studies on the 24 indicators is to be found in 
Appendix 10. 
• Each of the individual Attribute sections below leads off with a presentation of the mean 
scores (Content Relevance and Handheld Performance), calculated after excluding all papers 
with a Content Relevance under 3. 
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• The papers meeting the Content Relevance criterion were also sorted on External Quality and, 
within that, on Handheld Performance. The mean scores for the resulting Top 10 studies were 
identified and appear in parentheses. They should be regarded as the most relevant Handheld 
Performance ratings in our opinion and are those used in a later section of this review. 
 
REVIEW BY ATTRIBUTES: 
Patient: Effectiveness 
51 papers with mean External Quality rating of 5.9 (7.9) and mean Handheld Performance 
rating of 6.9 (7.5) (Ratings in brackets are for ‗top 10‘ on External Quality.) 
 
Many direct and indirect routes to greater effectiveness in patient management and treatment 
through the use of handhelds are supported in the literature,  
 
 better (more accurate, readable, accessible) documentation leading to overall better quality of 
care, as well as fewer errors (for which see Safety attribute) 
 better (speedier, more accurate, less frustrating) intra-professional communication leading to 
improved transfer of information (e.g. shift handoff, test results, medication changes) as well as 
greater time for direct care 
 improved adherence to best practice standards at POC because of ability to access to national 
and local guidelines and protocols at POC 
 more evidence-based judgments because of POC access to reference manuals and knowledge 
bases 
 improved judgment and decision making because of ability to implement Clinical Decision 
Support Systems at POC 
 improved patient self care and co-operation because of POC  availability of patient 
information and educational materials 
 
Featured Article 
Bernard Garrett and Gerri Klein used a qualitative design and interpretive methodology to 
survey 24 nurse practitioners and clinical nurse specialists based in British Columbia, 
Canada.(33) The major themes identified from the responses were that PDAs facilitated 
freedom of working practices and the mobility of practitioners and that the demands of nursing 
practice made the mobile all-in-one handheld computing platform a very valuable tool. Nurses 
identified improved client care as the major benefit of this technology in practice and the type 
and range of tools they identified as the source of this improvement included clinical reference 
tools such as drug and diagnostic/laboratory reference applications and wireless 
communications that enabled them to network with other health professionals. The value of 
PDAs as electronic reference tools as well as communication devices was clearly articulated 
and the use of wireless PDAs to support electronic prescribing and medication management 
was acknowledged, some identifying this as a key area of interest for them as health 
professionals, along with the ability to have large volumes of ‗up-to-the minute‘ clinical 
reference data and materials on-hand, both in the workplace and while off-site. The stylus-
based user interface was identified as both a benefit and a barrier for entering data and mixed 
feelings were expressed about the value of a keyboard for data input and the size and 
functionality of the PDA screen. Wireless connectivity of the PDA (particularly for network, 
Internet and e-mail access) was highlighted as the most desirable PDA feature in relation to 
increasing treatment and care effectiveness and Garrett and Klein note that many of the barriers 
that have been identified as precluding the use of wireless networks within facilities are 
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disappearing. Improved shielding in electronic devices, decreased transmitter power and 
bandwidth limitations have made it possible for healthcare professionals to adopt wireless 
communications technologies into their institutions. 
 
Featured Danish Study 
Cetrea Surgical is a ‗Peri-operative Coordination and Communication System‘, which 
optimizes coordination and complex cooperation related to the execution of surgeries in 
a hospital (34). Among many other electronic systems and devices, especially large 
display screens, it uses cell phones, DECT phones and other mobile units such as PDAs 
to provide data access and communication to clinicians on the move. On the basis of 
qualitative questionnaires, observations and interviews at the Region Hospital of 
Horsens (Central Denmark Region) the following benefits accrued from the use of the 
Cetrea Surgical as reported in Hansen and Bardram 2007 (35). The relative contribution 
of handhelds is likely to be significant, but has not been measured. 
 Less stressful working day - doctors and nurses report that they have a 
significant reduction in every day working stress with fewer interruptions. 
 Fewer interruptions - clinicians experience fewer interruptions - both from 
calls and by colleagues asking fewer questions, because they are able to find the 
necessary information on their own on the large flat screens. The interruptions 
are significantly reduced especially for the clinicians involved in the 
surgeries, which is essential in the aim of reducing errors during surgery.  
 More efficient execution of the daily surgery schedule - through improved 
overview of both planned surgeries, persons and surgery rooms the staff can 
more efficiently handle the scheduled surgeries.  
 More efficient handling of acute episodes such as complications during a 
surgery, acute patients, no show, delays and surgeons not able to attend.  
 More efficient communication through use of multiple communication 
modalities such as phones (GSM, DECT), text messaging, chat, video 
conference, notifications.  
 Unnecessary steps are reduced- it is easy to get an overview of where 
clinicians are on the surgical ward and thus many steps can be saved.  
 Improved patient information (also for the patients family), e.g. accurate and 
precise information about surgery time despite lots of changes during the day.  
 Real time registration of status during a surgery so that you have precise key 
performance indicators such as time for surgery, time for preparing the surgery 
room, time for cleaning etc. This can be used for administrative follow-up and 
as input for future daily planning.  
 Improved hygiene in the surgery room because doors are kept closed since 
status of the surgery can be monitored from the coordination room and 
messages can be transferred through Cetrea Surgical 
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Patient: Safety 
52 papers with mean External Quality rating of 5.9 (8.0) and mean Handheld Performance 
rating of 7.3 (7.8) (Ratings in brackets are for top 10 on External Quality.) 
 
Featured Article 
 
Mohammed Mohammed, Ruth Hayton, Gill Clements, Gary Smith and David Prytherch 
investigated (in the UK) whether the provision of handheld computer-aided scoring at POC 
could increase the accuracy and efficiency of  EWS (Early Warning Score) calculations 
compared with the traditional pen-and-paper method - and whether the method was acceptable 
to users (36). 26 nurses from two surgical assessment wards in 2 hospitals were studied in three 
phases: a classroom exercise where they were given ten patient vignettes and asked to derive 
EWS using pen-and-paper methods; a second classroom exercise but this time using a hand-
held computer to derive the EWS; and a ward-based exercise 4 weeks after computer-aided 
scoring was routinely implemented in the wards. Early Warning Scores were derived from vital 
signs entered into a specially programmed, hand-held Pocket PC [VitalPAC (37) ]. Phase 2 was 
associated with a significantly higher overall accuracy (96%) compared with phase 2 (58%) and 
there was only a small reduction in accuracy in the move from classroom to ward in phase 3 
(88%).  Notably, while the mean time to derive an EWS only came down from 37.9 seconds in 
phase 1 to 35.1 seconds in phase 2, it was reduced to 24.0 seconds in the ward phase. This 
escalates to about 76 days per year per nurse, given 3 EWS calculations per day in a 500 bed 
hospital.  In phase 1 nurses favoured the pen-and-paper method in all respects except accuracy. 
In phase 2, nurses‘ views shifted significantly in favour of the handheld method, with little 
deterioration in follow-up phase. The author‘s suggest their study demonstrates that the 
traditional pen-and-paper method of deriving EWS scores, with their established benefits for 
patient safety and quality of care, is less accurate and takes longer than a handheld method in 
the context of acute hospital care. A programmed hand-held computer not only improves 
accuracy and efficiency but is acceptable to nurses. However the Early Warning Scores derived 
in the ward were still imperfect, even with the aid of a handheld, and further work is required to 
understand the sources of these errors and constraints on achieving 100% accuracy with the 
hand-held. 
 
Featured Danish Article 
The impact of the administrative decree by Region Hovedstaden on nurses to use PDA for EPM 
(Electronic Patient Medication)  in the interests of patient safety has been captured in a 
Bachelor thesis by Atifah Hussain from Copenhagen Business School (38). In short, his 
findings match what implementation, lead change, and leadership theories suggest: to improve 
uptake, the administration needs to involve, train, teach and communicate with the users during 
all phases of planned changes in procedures. And must seek to integrate novel devices into 
existing work routines before implementation; or the expected benefits will not materialize. 
The problem is biggest in the medication room at the hospital, as this is where the system 
is used by the nurses. The administration wants to expand their systems by improving the 
technical (aspects) and thus most conflicts arise by the use of so much IT, which some 
nurses find is of no use in their department. Most of the worries and conflicts I have 
detected are found in the medication room.     The administration of the medicine takes 
far too long which make the patients impatient, and they will not wait outside the door of 
the medication room for 5-10 minutes.  
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Example of his quotes, grouped as ‗worries‘ and ‗conflicts‘ follow: 
6.2.3 Worries/Bekymringer   Who /Hvem  Description of the worry  
B1 ‖We don‘t want too much 
of IT. It has far too many technical 
problems‖ 
Nurse/Sygeplejerske ‖Vi vil ikke have alt for 
meget IT. Det har alt for mange 
tekniske problemer‖  
B3 ‖Can we handle it?‖ ‖I 
can use it, but we have no technical 
experiences, so if things go wrong I 
cannot fix it and then I loose 
patience, I am fed up, and you don‘t 
have time to mess around with it‖ 
Nurse/Sygeplejerske ‖Kan vi nu finde ud af 
det?‖ ‖Jeg kan godt bruge den, 
men vi har ikke tekniske 
erfaringer, så hvis det går galt 
kan jeg ikke lige ordne det, så 
mister jeg tålmodigheden, så 
gider jeg ikke, og man har ikke 
tid til at rode med den‖  
B6 ―Is there really so much 
patient safety in all this 
technology?‖ ‖Can you trust it?‖ 
Nurse/Sygeplejerske ‖Er der virkelig så meget 
patientsikkerhed i alt det 
tekniske?‖ ,‖Kan man stole på 
det?‖  
B10 ―Why is PDA not being 
used, as it should?‖ 
Administrator/Ledels
en 
‖Hvorfor bliver PDA ikke 
benyttet, som det skal?‖  
B11 ‖We shall check and 
keep an eye on when PDA is not 
being used‖ 
Administrator/Ledels
en 
‖Vi skal tjekke og holde 
øje med hvornår PDA ikke 
bliver brugt‖  
 
6.2.4 Conflicts/ Konflikter Who/Hvem Conflict description 
K1 ―On a busy day, we are 
only human, and I will say that if 
you follow the rules for how 
medicine is given you reduce 
chances for making mistakes‖ 
Nurse/Sygeplejerske ‖På en travl hverdag, vi er 
jo kun mennesker, og jeg vil 
sige at hvis man følger reglerne 
fuldstændigt, over hvordan man 
giver medicin, så mindsker man 
chancen for at lave fejl‖ 
K2 ―Why I was not asked 
about the system before it was 
developed?‖ 
Nurse/Sygeplejerske ‖Hvorfor blev jeg ikke 
spurgt til systemet før det blev 
udviklet? 
K6 ―I am working with 
human beings, I do not have time 
for all these machines, I do not care 
to do it, it makes me frustrated‖ 
Sygeplejerske i 
medicinrummet 
‖Jeg arbejder med 
mennesker, jeg har ikke tid til 
alle de her maskiner, jeg gider 
ikke, det gør mig frustreret‖ 
K7 ―You use more time on IT Sygeplejerske i ‖Man bruger mere tid på 
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than you do on the patients‖ medicinrummet IT end på patienterne‖ 
K8 ―It is irritating to have a 
system which does not work‖ 
Sygeplejerske i 
medicin rummet 
‖Det er irriterende at have 
et system som ikke virker‖ 
K9 ―Completely absurd, that 
you need to open two systems in the 
same room, which takes so much 
time that you can forget the patient 
(waiting) outside, because you are 
so busy with all this technique‖ 
Sygeplejerske i 
medicinrummet 
Nurse in the 
medicine room 
‖Fuldstændigt absurd, at 
man skal åbne to systemer i et 
samme lokale, som tager så lang 
tid at man kan glemme patienten 
udenfor, fordi man har så travlt 
med alt det teknik‖ 
K10 ―I do not want to wear 
an IT band‖ 
Patient/Patient ‖Jeg vil ikke have 
armbånd på 
K11 ―I am fed up waiting in 
front of a closed door 5-10 minutes 
to have my medicine‖ 
Patient/Patient ‖Jeg gider ikke stå og 
vente foran en lukket dør 5-10 
min. for at få min medicin‖ 
K12 ―They must find a 
different place to work if they have 
difficulties with the work flow (how 
the work is being done) 
Administrator 
Ledelsen 
‖De må finde et andet sted 
at arbejde hvis de har problemer 
med arbejdsgangene‖ 
K13 ―This is how it is, and it 
should be done no matter what 
attitudes/beliefs one has‖ 
Administrator 
Ledelsen 
‖Sådan er det bare, og det 
skal gøres uanset hvilke 
holdninger man har‖ 
 
Patient: Quality of Life 
3 papers with mean External Quality rating of 5.0 (5.0) and mean Handheld Performance rating 
of 5.0 (5.0) All fall below the minimum evidential standard we set, implying that we have either 
failed to locate better evidence or that it does not exist. 
 
Patient: Satisfaction 
14 papers with mean External Quality rating of 5.4 (6.1) and mean Handheld Performance 
rating of 6.5 (6.2) (Ratings in brackets are for top 10 on External Quality.) 
 
Featured Article 
 
Tina Brock and Scott Smith evaluated the effects of using an audiovisual animation (digital 
video) displayed on a personal digital assistant (PDA) for patient education in a clinical setting. 
(39)It was a quasi-experimental study in an outpatient infectious diseases clinic at a US 
academic medical center. Fifty-one English-speaking adults (77% black) who were initiating or 
taking medications for the treatment of HIV/AIDS responded to questions immediately before, 
immediately after, and 4–6 weeks after watching a digital video on a PDA. The video process 
was estimated to take 25 min of participant time and 51 minutes overall to implement. The 
authors concluded that PDA-based videos are a highly acceptable  and effective approach for 
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teaching patients about health care. First, participants liked the PDA-based video and felt that it 
was an appropriate medium for learning, regardless of their literacy skills. Second, knowledge 
of disease, knowledge of medications, and knowledge of adherence behaviors were all 
(statistically) significantly improved after watching the video. Third, self-efficacy to adhere to 
HIV medication regimens was high following the video and at the follow-up visit, self-reported 
adherence to the HIV medication regimen was improved. Finally, the intervention could be 
implemented efficiently with patients of a variety of ages, educational levels, and backgrounds 
in a range of locations within the clinical environment - and patients´ relatives were using idle 
waiting times better. In summary, video delivered via PDA is a convenient and potentially 
powerful way to deliver health messages to patients. Growing options for displaying digital 
videos through handheld devices (e.g., mobile telephones, MP3 players) increases the 
availability of cost-effective, multi-platform tools for improving patient communication. 
 
Organisation: Staff and working environment 
48 papers with mean External Quality rating of 6.0 (7.9) and mean Handheld Performance 
rating of 7.0 (7.4)  
 
Featured Article 
 
Iris Junglas, Chon Abraham and Blake Ives observed in the literature that many nurses were 
reluctant to use Mobile Information Communication Technology devices (MICTs), the reasons 
including fear of being alienated from the patient, loss of patient eye-contact, being perceived 
as unprofessional by the patient, or deeming the technology to be a foreign tool that slows down 
their work (40). They suggest that this highlights the need not only for the task and technology 
to mesh generally, but also to consider the individual influences on the adoption and use of a 
technology for a task. They therefore sought to uncover the influence of 4 basic human drives 
(to learn, to acquire, to bond, and to defend) on perception of the ‗fits‘ of Mobile Information 
Communication Technology devices (MICTs) in hospital settings. For the qualitative element 
of their mixed method approach, they collected interview data from 50 nurses who were using 
MICTs across four different medical units (i.e., acute care in-hospital floors, ambulatory care, 
emergency department, and post-anaesthesia care) in three different Southeast U.S. hospitals. In 
the quantitative element they collected survey data from another 107 nurses. They found that 
the drive to learn impacts on identification and information fit; the drive to bond has an impact 
on physical fit and time criticality fit; the drive to defend impacts information, patient 
interaction fit, and workflow fit; and the drive to acquire impacts fits for identification and 
patient interaction. Three dimensions of fits, namely time criticality, user comfort, and 
workflow fit exhibited a significant influence on overall performance. Identification fit and 
workflow fit were the most prevalent determinants in MICT utilization. The authors conclude 
that supporting the identification of the patient, the type of medical intervention, and the nurse 
as an appropriate caregiver is a necessary pre-requisite that needs to be supported by the MICT 
in order for nurses to use it. A MICT device must also be an integral part of the nurse's 
workflow and user comfort fit and time criticality also play a significant role. Given the role of 
underlying human drives in perceptions of fit, it is important to recognise, and address, the 
importance of archetypical individual characteristics in the adoption of mobile technologies in 
healthcare. 
 
Featured Danish Article 
In 2005 Neonatal Clinic 5023 at the Copenhagen University Hospital (Rigshospitalet) became a 
pilot department for electronic patient medication (EPM). The department wanted to improve 
the quality of the medication process so as to minimize the extent of incorrect medication. But 
following their introduction, the personal digital assistants (PDAs) provided were not used as 
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intended. In order to understand this and to benefit fully from the security electronic medication 
provides, the department implemented a development project, the purpose of which was to 
secure quantifiable data related to the use of the PDAs and to implement conclusions from them 
in clinical practice. A specialist RN (Rikke Stenkjaer) was employed as an IT supervisor to aid 
implementation and elicit nurses´ use, opinions, and ideas in order to increase the use of PDA 
for scanning all medications given to neonates. (There is not yet an electronic patient journal in 
place, so nurses use pen and paper.) The decision to implement PDA use to reduce errors in 
regard to medicine administration was taken at the regional level as part of initiatives to 
improve patient safety. 
The project revealed that the PDAs were time-consuming to use and not always reliable and 
that the wireless network did not function as well as it should. A dilemma also arose between 
the "soft" ideals of caring versus "hard" electronic fact and it became evident that staff lacked 
support and training in the use of the PDAs. One important finding was the need to modify 
guidelines to acknowledge newborns´ need to sleep without interruptions during medicine 
administration. As a result an additional ID band was attached to the incubator. This solved also 
the hygienic challenges. Every RN now needs to establish only at shift change that the ID on 
the wrist band of the baby and the incubator was the same. Compliance at the point of 
administration, where only the incubator code is scanned rose. As part of the project medicine 
handling was timed before and after the implementation of PDA via 115 registrations of the 
nurses´ workflows on medicine administration. Mean number of minutes was 5:50 minutes on 
one medicine administration including the use of PDA. Nurses were asked how long time they 
would spend on medication on a daily basis. Their estimates were in concordance with time 
measurements: On average, every nurse would spend 19:10 min. on medication every day. 
After half a year it was documented that time spent on medicine administration was reduced. At 
6 month follow-up the proportion of nurses spending 0-10 min daily administering medications 
rose from 11 to 17% ; and those spending 11-30 min daily on medicine administration rose 
from 17 to 49 %. Correspondingly, the nurses who spent 31-60 min daily on medicine 
administration fell from 41 to 27% and the group using 61-12 0 min daily on medicine 
administration fell from 9 to 5% (These numbers are inferred from Figure 1). Adverse Events 
dropped and the parents of twins and triplets expressed they felt safety was improved, since a 
color code would indicate that the physicians had approved the orders. Stenkjaer concluded that 
teaching needs to be embedded the clinical workflow and carried out by RN with specialist 
knowledge within the specialty as well as in IT. And that technology implementation requires 
involvement of the nurses working in the particular setting from the start.. 
 
Organisation: Internal communication and relationships 
42 papers with mean External Quality rating of 6.1 (7.9) and mean Handheld Performance 
rating of 6.7 (7.3)  
Featured Article 
 
Chris O‘Connor, Jan Friedrich, Damon Scales and Neill Adhikari assessed the impact of using 
standard ‗pushed‘ wireless e-mail for clinical communication in a Toronto intensive care unit. It 
was implemented over a GSM cellular network in a 26-bed ICU during a 6-month study period 
(41). Daytime staff (4 intensivists, 19 nurses and 9 others) used BlackBerry 7200 devices 
without training. E-mail traffic was logged and recorded on the hospital system as normal and 
all usual communication alternatives were left in place though usage was not registered.  In a 
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subsequent survey the majority of users reported that the pushed wireless e-mail improved 
speed (92%) and reliability (92%) of communication, improved coordination of ICU team 
members (88%), reduced staff frustration (75%), and resulted in faster (90%) and safer (75%) 
patient care. Users perceived improved message content and faster response times, leading to 
improved job satisfaction and team relationships. Wireless e-mail facilitated several novel ways 
to improve patient care and safety, including reducing disruption of care processes through 
handover and staff breaks, with the major advantage being the ability to treat a communication 
as either synchronous (immediate response) or asynchronous (delayed response) depending on 
the recipient‘s work involvement at the moment of receipt. Drawbacks were uncommonly 
reported and appeared relatively modest and there were no reports of radiofrequency 
interference with medical devices.  The authors underscore the need for continued face-to-face 
communication for more complex patient care issues, in addition to education and policy 
regarding appropriate use of wireless e-mail. Most impressively the estimate annual cost of 
operations excluding cost of devices was 17,000$Canadian and there was no need for additional 
electronic infrastructure since the standard email services in place were utilised.  
 
 
Organisation: External communication and relationships 
3 papers with mean external Quality rating of 5.3 (5.3) and mean Handheld Performance rating 
of 5.0 (5.0). All fall below the minimum evidential standard we set, implying that we have 
either failed to locate better evidence or that it does not exist. 
 
 
Economy: Start-up Costs 
19 papers with mean external Quality rating of 5.6 (6.5) and mean Handheld Performance 
rating of 3.1 (4.0) 
Featured Article 
Norman Archer asked ‗Is Return on Investment a Valid Criterion for Investing in Mobile 
Healthcare?‘  (42) and argued that 
a rigorous and  objectivist approach to evaluation, developed for laboratory experiments, 
is difficult to adapt to a practical real-world environment because such systems tend to be 
complex, changing rapidly over time, and often exist in a number of variants Recognized 
methodologies that can handle a mixture of tangible and intangible characteristics are 
typically based on some form of socio-technical approach. Some of those that have been 
used include: cost benefit analysis, best practices, balanced  scorecard, and the Analytical 
Hierarchy Process [an implementation of Multi-Criteria Decision Analysis]. 
 He reports on a case study in which a wireless Community Care Mobile Health (CCMH) 
project was developed and implemented in Ontario. Previous entirely paper-based operations 
were replaced by a reengineered mobile supply management application used by home 
healthcare nurses to manage medical supplies for their clients, and a woundcare management 
module was used to collect data on woundcare status (N.B. 40% of nursing visits are for the 
management of wounds - e.g. bedsores, diabetes ulcers, etc.) CCMH provides wireless PDAs 
that are used by homecare nursing staff to access the system remotely through the cellphone 
network. The net direct cost of introducing the mobile system was positive, from the supplies 
management application alone. The total cost of developing and implementing the system was 
$1.6M, resulting in an internal rate of return of 8% for tangible costs and savings only. In the 
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light of this and other examples Archer concludes that the answer to his question is generally 
speaking, for administrative applications quantitative contributions are of greater importance. 
For clinical and client support applications, qualitative and less tangible considerations are 
likely to be more important, so ROI is less likely to be an appropriate evaluation measure. 
Featured Danish report:  
.. ‗One of the aims of the Caremobil project (see Utilisation Studies below) was to act as a 
―doula‖ (birth helper) for the communes in implementing handheld computers. In collaboration 
with the six pilot communes a ‗mobile‘ functionality was developed and tested to the different 
IT systems on the market. The evaluation aimed to document the potential benefits of using 
handhelds in the eldercare sector and provide other communes contemplating investing in 
mobile IT solutions with a better base for decision-making. Another aim was to visualize the 
possibilities and challenges for mobile governance, in general, in the public sector. The 
experiences from CareMobil project shows that the mobile technology has matured to become a 
usable tool in everyday practice. There are substantial economic benefits involved in using 
handhelds (HH), if endeavors are targeted towards realizing them. Using data on expected and 
realized time saved per day per visitor the project was estimated to break even within a year 
(excluding interest payments). 
The after-measurements show, that mobile digital supporting nursing visits gave two 
communes time savings of 6.4 min. (18%) and 22.8 min. (34,9%) per visit; which equals 55 
minutes per worker per day. The number of visits in the two communes varied from 2.6 to 8. A 
key finding of importance was the change of documentation quality. If mobile equipment is 
used to make major improvements of the quality of the journal (more information added) the 
savings will shrink or maybe disappear all together. The example from one commune was an 
increase in time spent due to quality improvements. The commune hence converted a part of 
the benefit into better quality in the documentation. 
From a staff point of view the overall satisfaction among more than 200 users (―visitators‖, 
nurses, and social- and health staff was substantial. The project communes used the mobile 
technology to solve several tasks at the administrative level. ―It is possible to harvest 
effectiveness and service improvements as well by using HH when solving a number of 
administrative- and supplier tasks. The benefits are highly connected to enabling staff to finish 
the task at the point of care (at the client/citizen/visit) thus avoiding ―re-look‖ at the office. For 
the citizen it supports improved nursing professional documentation and for staff less stress and 
simpler workflow, as they can get rid of the ―post it‖ notes. Simultaneously, some of the time 
used for double registration and ―follow up documentation‖ is given free‖ [Web Translation: MKK]. 
.  
Economy: Net Financial Outcome 
11 papers with mean external Quality rating of 7.0 (7.2) and mean Handheld Performance 
rating of 7.4 (7.4) 
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Featured Report 
While it did not appear in a peer-reviewed journal and therefore fell outside our search we 
regard this  report (43) as one of the most important background contributions to our topic, even 
if the precise details of the authors‘ economic model are unfortunately not available. 
Ritu Agarwal, Daniel Sands and Jorge Diaz-Schneider of the Center for Health Information and 
Decision Systems, Robert H. Smith School of Business, University of Maryland developed a 
conceptual model of the various outcomes associated with the quality of communication in a 
hospital. They isolated four primary dimensions along which communication quality can be 
assessed: efficiency of resource utilization, effectiveness of resource utilization, quality of work 
life, and service quality, and associated specific outcome metrics for assessing each dimension. 
Overall, it demonstrates that the negative consequences of communication inefficiencies are 
manifold and multidimensional. The fact that the consequences are tightly linked suggests that 
poor communications pose the risk of a ―vicious‖ cycle for hospitals: wasted nurse and 
physician time and increased length of stay reduce hospital margins, staff and patient 
satisfaction, further limiting the ability of the hospital to generate economic resources for long-
term sustainability. 
They then developed an economic model to assess the overall waste in US hospitals that can be 
attributed to poor communications. The model estimates overall waste in US hospitals 
attributable to poor communications among care providers, to be approximately $12b annually.  
(This translates to $4m annually for a typical 500 bed acute-care hospital.) The model quantifies 
three categories of waste: physician time (10% of total), nurse time (36%), and patient length of 
stay (54%). Since the loss due to increase in length of stay dominates the overall economic 
burden any action to streamline the processes of care coordination and discharge planning, 
especially those that involve communication, are likely to have a significant impact. But 
nursing ‗waste‘ is another major source of savings. 
Not surprisingly the authors‘ broad conclusion is that in addition to modifying communication 
process protocols through policies and standards, a greater and more effective infusion of 
communication technologies into the hospital context can address communication challenges. 
Economy: net Externalities 
3 papers with mean external Quality rating of 6.3 (6.3) and mean Handheld Performance rating 
of 5.0 (5.0). All fall below the minimum evidential standard we set, implying that we have 
either failed to locate better evidence or that it does not exist. However we again find it useful 
to feature an article that falls outside our precise remit. 
 
Featured Article 
While this paper (44) focuses on wider economics of IT systems we regard it as one of the most 
important background contributions to the present topic. 
Colene Byrne, Lauren Mercincavage, Eric Pan, Adam Vincent, Douglas Johnston, and 
Blackford Middleton of the Center of IT Leadership, Partners Healthcare, in Massachusetts 
undertook the heroic task of estimating the value of VistA (the Veteran Administration‘s 
integrated health IT system) over time by way of a longitudinal cost-benefit model. 
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To ensure a conservative estimate of net value, we included the full costs for each VistA 
component while only incorporating  a subset of its potential benefits. The benefits 
modeled included those for which the evidence of health IT impact is strong, including 
changes in care (for example, use of clinical decision support systems to prevent drug-to-
drug interactions) and system efficiencies (for example, reduced time to enter and process 
laboratory test results), and for which defensible estimates could be made in the VA 
system. 
We estimated the total net value of the VA‘s investments in the VistA components 
modeled to exceed $3.09 billion in the period 2001-2007 [$7.16m benefits less $4.07 m 
costs]... Cumulative reductions in unnecessary care attributable to prevention of adverse 
drug event–related  hospitalizations and outpatient visits as a result of VistA was the  
largest source of benefit, with an estimated value of $4.64 billion, or 65 percent of the 
total estimated value of benefits ($7.16m. The cumulative value of eliminated 
redundancies accounted for $1.92 billion, or 27 % of projected value. The majority of the 
sources of value leading to avoided utilization were associated with the Computerized 
Patient Record System. Examples include improved quality of care through reduced 
medication errors and elimination of redundancies such as duplicate laboratory tests. The 
remainder of benefits consisted of estimated value from reduced work, decreased 
operating expenses, and freed space. 
The projected monetary value of the impact of VistA is substantial. But it is also likely 
that the integrated health IT system produced a range of additional benefits that are not 
quantifiable in this analysis. These include improvements in the organization and 
retrieval of patient data, including reductions in the amount of data that may be missing 
from a patient‘s chart; more informed clinical decision making; and the resulting impact 
on patient safety and other outcomes. 
 
UTILISATION STUDIES 
Featured Article 
 
Sally Stroud, Carol Smith and Elizabeth Erkel described the prevalence and patterns of use of 
personal digital assistants (PDAs) among active nurse practitioners (NPs), based on a web-
based survey of randomly selected members of the American Academy of NPs (45). On 
average the respondents had 7 yrs work experience as a NP, were predominantly female, white 
and Masters qualified.  64% (79/124) reported using a PDA, devices using the Palm operating 
system being the dominant choice (82%) at this time - which appears to have been as long ago 
as 2005 despite the recent publication date. A large majority had obtained a PDA to help them 
access data that would support diagnosis and treatment options and most reported daily use of 
electronic clinician reference materials, such as a drug reference, medical text, or practice 
guidelines. A drug reference program was named as the single most useful type of software. 
98% believed that the PDA is a valuable tool for NPs in clinical practice and among PDA users 
in the sample the great majority believed that the PDA increased productivity (75%), promoted 
patient safety (89%), and supported decision making (91%). Most users perceived that use of a 
PDA in clinical practice enhanced their productivity and improved patient safety. A few 
respondents stated that they were fearful of the integration of handheld computer technology 
into patient care, but some respondents‘ perceptions that patients would respond unfavourably 
to use of a PDA during patient encounters is clearly out of line with the bulk of the evidence 
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and may be provider‘s projection onto their patients of their own discomfort while not fully 
competent with the device. 
 
Featured Danish Study 
The Ministry of Social Affairs funded CareMobil as a pilot project in 2003 (46).Six communes, 
six stakeholders, and six IT-suppliers together tested the possibilities for handheld IT-tools in 
the communal eldercare in Denmark. On the basis of time-measurements, questionnaires and 
focus interviews, the effects of the CareMobil project is documented in the report, in regard to 
effectiveness and quality improvement. The report is intended for the chief administrators in the 
communes, leaders of home care and community nursing and IT-chiefs with an interest in using 
mobile it-solutions in community care. A business care for the CareMobil project was made, 
which can be used, in conjunction with a spreadsheet template, for communes as inspiration for 
their own further work. The Report concludes that ‘ handhelds are here to stay‘, but on the other 
hand is pessimistic about the willingness of communes to invest in the technology. 
The Report ends with a list of 17 suggestions concerning the introduction of handhelds and 
most of these remain valid in relation to hospitals in 2010, despite the publication date of the 
Report and its focus of community care nurses. 
General 
1. Ensure administrative awareness and support and make clear that the innovation decision 
once taken is not up for discussion 
2. Be aware that it is not technology that creates disagreement but the organisational changes 
which the administration introduces to implement it 
3. Patience is the key word as the benefits will usually be in the long-term whereas the 
implementation burdens are felt immediately 
Specific 
4. Make sure all aspects of the technical system works 
5. Buy a device for each person 
6. Buy a device with a phone 
7. Make sure resources are available for maintenance and updating 
8. Employ a project leader 
9. Motivate leaders 
10. Provide follow-up education and training 
11. Have an explicit policy for the use of mobiles 
12. Have guidelines for documentation 
13. Consider ‘control‘ features of documentation requirements 
14. Reconsider meeting requirements in light of use of handhelds 
15. Avoid double registration in collaboration book and handheld where possible 
16. Ensure close collaboration between nurse users and IT suppliers/providers/supporters/staff 
17. Consider if private community care providers should be required to use handhelds. 
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IMPLEMENTATION STUDY 
Featured Article   
We selected the 2010 article by Diane Doran, Brian Haynes, Andre Kushniruk and ten others 
(47) for special attention, because it is not only one of the few studies which formally compares 
the use of PDA handhelds and Tablets but also one of the most comprehensive insofar as it 
involved a wide range of acute care settings (as well as community settings). 
In a longitudinal (pre-post test) quasi-experimental design PDA users and Tablet PC users were 
compared. The subjects included 174 acute care nurses (RNs and RPNs). They were located in 
29 different practice settings in the Toronto area, each of the participating institutions choosing 
their own device.  Resources loaded on to both devices included: ―Registered Nurses‘ 
Association of Ontario Best Practice Guidelines (RNAO BPG)‖; ―Best Evidence for Nursing 
PLUS‖; a Drug Handbook, a Medical Dictionary, and Laboratory Values. 
 
Nurses who used a Tablet PC accessed Google and in-house resources significantly more often 
than nurses who used a PDA but, in contrast, nurses who used a PDA accessed PEPID or Lexi 
significantly more often than nurses who used a Tablet PC. No significant differences were 
found in regard to BPG or BEN+. Nurses who used a Tablet PC rated the amount of 
information on the screen to be significantly more adequate than did nurses who used the PDA.  
In contrast, nurses who used a PDA rated the speed of the PDA significantly faster than did 
nurses who used the Tablet PC. 
 
Nurses commented that Tablets were bulky and heavy to carry, slower to power-up and load, 
and, in case of some models, often required rewriting. PDA users showed higher improvements 
in the quality of care and job satisfaction than tablet users. A possible explanation for the 
differential impact of PDAs on quality of care and job satisfaction is that nurses were able to 
have their own personal PDA which they could customize and personalize. 
 
Nurses felt having access to either of the mobile devices changed their use of RNAO BPGs, that 
the information resources assisted in clinical practice,  positively impacted care, and supported 
their learning needs. Collectively, the pattern of findings offer evidence that small, portable, 
wireless, handheld computers have the potential to improve research utilization in nursing 
practice, leading to improvements in quality of patient care and nurses‘ job satisfaction. 
 
STUDENT STUDIES 
As a result of the difficulties setting up studies in routine clinical practice settings with qualified 
nurses, many of the papers located report on studies of student use of handhelds in their clinical 
practicums. 
Featured article 
Patrick Scollin, Judith Healey-Walsh, Kathleen Kafel, Apurva Mehta and John Callahan 
compared the effects of the manner in which the technology was introduced on attitudes 
towards its use (48). The Boston and Lowell campuses of University of Massachusetts each 
offered nursing faculty and students PDAs containing medical / nursing databases for use 
during two semester clinical rotations. The difference in the attitude emerging from the post 
survey was remarkable. In Lowell 98% agreed or strongly agreed that PDA enhanced their 
learning; 85% agreed or strongly agreed that PDA helped them retain reference knowledge; 
91% agreed or strongly agreed that overall they were very pleased with the PDA as a learning 
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tool. In contrast in Boston: 18% disagreed or strongly disagreed that the PDA enhanced their 
learning, and only half as many students agreed or strongly agreed compared  with Lowell‘s 
students; 38% disagreed or strongly disagreed that the PDA helped them retain reference 
knowledge, and again only half as many students agreed or strongly agreed compared with 
Lowell‘s students. The authors attribute the differences to the progressive, supportive, 
encouraging environment established at Lowell by the champions of this technology: the 
method by which the innovation was introduced and supported affected  the formation of 
attitudes toward the innovation and its use and acceptance as a learning tool at the point of care.  
Having champions of a technology can be the catalyst. Clinical faculty members are in a 
pivotal position to introduce, encourage, and support their students‘ adoption of a 
technological innovation. Their preparation, training, willingness and ability to model the 
desired use of the technology are essential in fostering extensive acceptance and adoption 
of an innovation such as a PDA 
 
EMERGING THEMES 
High level 
The challenge of evaluating individual technologies in complex sociotechnical systems and 
distinguishing the contribution of the components (e.g. the contributions of a predictive scoring 
system per se and its implementation on a handheld at the POC). 
The case for continuing formative and multi-method evaluation (as rigorous as possible), as 
opposed to positivistic, once-and-for-all summative evaluation by impractical/irrelevant 
standards. 
The importance of noting Buxton‘s Law (‗it will be too soon to evaluate until suddenly it‘s too 
late‘) in the timing of evaluation, especially in the light of the pace of technological and 
attitudinal changes, extremely rapid in the case of handhelds. Sadly most of the literature 
encountered in a review of the present type (and even more so one focusing only on ‗robust 
evidence‘) will be significantly out of date before it is published. 
Low level 
The vital importance of full ‗buy-in‘ from all key players in the power structure. 
The importance of training and continuing positive IT support for the use of ‗personal mobile 
technology‘ through all phases. 
The importance of maximising personal ‗ownership‘ of the technology (e.g. the nurse retaining 
his or her handheld device for the complete shift, or even 24/7, given satisfactory arrangements 
for security and hygiene). 
The importance of accepting inter-generational variations in attitudes and competencies, but 
neither stereotyping professionals or patients in this regard nor ignoring the rapid pace of 
change across all generations. 
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RECENT REPORTS 
The pace of technical change in this area is such that a search for peer-reviewed evidence (even 
in the speeded up publication processes now in place) is doomed to leave the reviewer and 
reader at least one-generation behind the ‗state of the art‘ (given Moore‘s Law and various 
equivalent ones which suggest 18 months or less represents an IT ‗generation‘). Any purchaser 
will therefore need to engage in an evaluation of recent literature in more ephemeral publication 
including web-reported case studies in which vendors will often play an important part (though 
this should not be taken as necessarily making the report worthless). We illustrate the problem 
through a report on a new development at Mount Sinai hospital in Toronto. 
Featured Report: Vitalhub: an iPhone App (49) 
At Toronto‘s Mount Sinai Hospital, the iPhone instantly delivers the information that 
physicians need to make critical treatment decisions. The hospital recently developed VitalHub, 
an in-house built iPhone app that gives physicians and nurses secure, remote access to patient 
records, test results, vital statistics, and medical literature from its vast internal data network. 
Incorporating iPhone into the hospital‘s network was a painless procedure. The IT staff quickly 
integrated the phone with Mount Sinai‘s Microsoft Exchange server, giving clinicians full 
access to email, calendars, and contacts. ―It's a very simple deployment,‖ Dwivedi says. ―We 
use the iPhone Configuration Utility to put the profiles on. We don't require a lot of backend 
infrastructure to manage these devices.‖ 
With iPhone in the hands of its physicians, Mount Sinai decided to develop its own in-house 
iPhone app, VitalHub. The app brings together clinical data, reference materials, and patient 
information from 66 different applications within the hospital‘s network — all in one simple 
mobile interface. Physicians for example no longer have to track down separate lab results or a 
critical test result from a different department.  ―We now have access to exactly what we have 
in our computers here in the hospital. We can get access to our patients‘ data whenever and 
wherever we want it. Knowing what‘s happening with their drugs, radiology, laboratory values, 
microbiology results — it really enables me to make decisions on the go.‖ 
Because of Mount Sinai‘s need to protect both confidential hospital information and sensitive 
patient data, the built-in security capabilities of iPhone are essential. ―iPhone allows us to do the 
two levels of user authentication that we require: using your password and VPN certificates,‖ 
explains Giancarlo De Lio, the hospital‘s Manager of Innovation and Prototype Development. 
For Mount Sinai‘s physicians and the patients they serve, the hospital‘s decision to integrate 
iPhone into daily operations has transformed patient care, allowing doctors to make faster, 
more-informed decisions. ―Our goal is to provide the cutting-edge best medicine, best teaching, 
and best research,‖ says Dr. Thomas Stewart, Chief of Medicine at Mount Sinai. ―We need 
something that‘s going to allow us to change rapidly. Five years from now, the medical world is 
going to be very different. With iPhone, we have a platform that allows us to adapt. iPhone is 
the future of health care.‖ 
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ENHANCING the mini-HTA via MCDA 
The above SLR feeds conceptually directly into a mini HTA, not surprisingly given that the 
latter was used as the basic structure for the review. However the ratings produced in the 
Review can also feed directly into a mini-HTA approached specifically as decision support 
using MCDA. 
The case for using a Multi-Criteria Decision Analysis approach was made long ago by Ward 
Edwards and colleagues (50) but the messages are as pertinent today as then: evaluation 
research is not causal research and in a complex and changing world that evaluation should be 
multi-dimensional and continuous 
... the central issue of evaluation research is the requirement for a usable conceptual 
framework and methodology that links inferences about states of the world, the values of 
decision makers, and decisions…. We present a conceptual and methodological 
framework for evaluation research, essentially the ideas of decision analysis specialised 
to evaluation research… Within this framework the 3 elements –inferences, values and 
decisions – though distinct, combine in what we consider a logically compelling way. 
Researchers who have been trained to believe that they must make inference, that 
inferences are statistical, and that good statistical inferences grow from experiments… 
find themselves in dilemmas resulting from the intractable, insistently flexible diversity 
of the real world and programs embedded in it. Experimental and quasi-experimental 
designs are treated as Procrustean beds, into which programs must fit in order to be 
evaluated. Don‘t get us wrong. We are against sin, and believe in both motherhood and 
control groups. It is almost always nice to have one set of numbers to compare with 
another set. However, in many evaluation research contexts, such comparisons even (or  
perhaps especially) when made with highly sophisticated statistical tools are more often 
than not misleading. 
 
Given the changes that happen during any program evaluation must be continuous (as well as 
via a MCDA approach). The distinctions between ‗planning‘, ‗formative evaluation‘ and 
‗summative evaluation‘ should be dropped if they interfere with such a continuous 
conceptualisation. Of the three ‗formative evaluation‘ does the least harm. 
 
As explained above our ratings are for Handhelds compared with No POC Computing. Our 
review (as with Lindquist‘s) uncovered little in the way of peer-reviewed evidence on Tablets 
and in terms of this comparison Doran et al. 2010 seems to be the best available comparative 
evidence. (It favours handhelds on all but one criterion.) There are equally few studies where 
handhelds are compared with stationary room-based computers (which may or may not meet 
the POC criterion). So if the policy decision were to embrace these as an alternative (as opposed 
to supplement or complement) appropriate supplementary work on the ratings for the 10 
attributes alternative technologies would be necessary. 
The exercise reported here must therefore be interpreted as essentially a ‗methodological proof-
of-concept‘. It is up to the decision-makers to specify the options and attributes they wish to be 
included in such an analysis. 
The major advantage of formulating a mini-HTA as an MCDA is that the effect of varying the 
weights attached to the different attributes can be quickly and easily established - interactively 
and graphically if  software such as Annalisa is used. The relative weights attached to the 
various considerations will be often a key determinant of which option emerges as optimal from 
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an MCDA, different options emerging as optimal under different weights even if the underlying 
evidence base is agreed by all concerned. 
Figure 66 shows the score achieved by Handhelds assigning equal weights to the 10 Attributes 
is .63, implying that Handhelds are 26% superior to No POC Computing  
(.63 -.50)/.50  
 
However if we assign zero weight to the 3 attributes for which the Best Available Evidence 
from the Review is regarded an inadequate, the margin is increased to .73 (46% vs. comparator) 
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In this framework a ‗patient-centred HTA‘ can be conceptualised as one that gives high relative 
weights to Patient-focused elements: in our case Effectiveness, Safety, Quality of Life and 
Satisfaction. In the final figure 68 we show the final score for Handhelds for one set of Patient-
only weights (Effectiveness 30%, Safety 50% and Satisfaction 20%). While very similar to the 
previous result (.74 or 48% superior to No POC Computing) the point is that the weights of the 
attributes should be transparent and justifiable if the full benefits of an MCDA approach to 
HTA are to be realised. 
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Ammenwerth, E., Graber, S., Herrmann, G., Burkle, T., and Konig, J. "Evaluation of health information systems-problems and 
challenges," International Journal of Medical Informatics 71 (2003): 125-135. 
Key Passages 
Important problems arise concerning IT evaluation in health care. 
We see most being subsumed under 3 main problem areas—the complexity of the 
evaluation object, the complexity of an evaluation project, and the motivation for 
evaluation. General recommendations are made [all sensible but predictable, so not 
included here] 
 
When evaluating IT in health care, we must take into account that IT is only one 
part of the information system of an organization. Information systems can be 
defined as the overall information processing in an organization, including the 
involved human 
players and the information technology used. Thus, during IT evaluation, not only 
the technology itself, but also the interaction between IT and human players in 
their information processing role must be taken into account. Evaluation thus has to 
consider the environment in which IT is used 
 
Evaluation studies can be formative or summative. Formative evaluation strives to 
improve the information technology under evaluation by providing the developers 
(and implementers) with 
feedback. Summative evaluation tries to demonstrate the outcome of an 
information technology in clinical routine there are inherent problems in 
information technology evaluation which do not allow the simple transfer of the 
objectivist study approach of clinical trials to IT evaluation studies. 
 
Traditional clinical trials strive to objectively measure effects of a diagnostic or 
therapeutic intervention on an individual patient, while IT evaluation studies 
attempt to measure the quality as well as the effects  of a new information 
technology on structure, process and outcome of patient care. The question of 
whether problems in the evaluation of health care IT are due to methodological 
insufficiencies, or rather due to more complicated circumstances than in clinical 
trials still seems to be unanswered 
Complexity of evaluation object 
The introduction of IT takes time. Not enough to implement the technology and then 
immediately measure the effects. 
Even after an introduction period, the evaluation object often steadily changes 
(moving evaluation target). 
Each information system in our definition is quite unique 
 
Complexity of evaluation project 
The overall success of information technology is elusive to define and it is therefore 
often difficult to establish clear-cut evaluation criteria. Each stakeholder group may 
have individual question and a universal evaluation in terms of absolute or relative 
benefits is usually not feasible (or, from a more subjectivistic point of view, even not 
possible). It is also unrealistic to expect that the information technology itself will 
have a direct and easy to measure effect on the outcome quality of patient care like a 
drug. Thus, indirect measures are often used such as user satisfaction or changes of 
clinical processes, which, however, do not give a really complete picture of the 
benefit of the IT. However, when the multitude of possible evaluation criteria are 
reduced to an appropriate number, the study runs the risk of being of limited value 
for certain stakeholders, or of presenting a distorted picture of reality. 
Often, changes in the evaluation questions may occur during the study, e.g. based on 
intermediate evaluation results, new insights, changes in stakeholders‘ opinions, or 
changes of the information technology (―scope creep‖) 
 
Motivation for Evaluation 
for a variety of reasons (fear of failure, fear of revealing problems hidden by  old 
technology, lack of benefit, etc) the hospital management, as well as involved staff 
members are often reluctant to participate in IT evaluation studies. Hence evaluations 
may be biased (volunteer effect) or poorly done. 
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Ammenwerth, E., Iller, C., and Mahler, C. "IT-adoption and the interaction of task, technology and individuals: a fit framework and a 
case study," BMC Medical Informatics and Decision Making 6 (2006): 3. 
Key Passages 
Existing frameworks (such as TAM or TTF) for analysing  the socio-
organisational-technical factors that influence IT adoption in a health care setting 
fail to include one important aspect, the interaction between user and task. Our 
FITT framework ("Fit between Individuals, Task and Technology") is based on the 
idea that IT adoption depends on the fit between the attributes of the users (e.g. 
computer anxiety, motivation), of the attributes of the technology (e.g. usability, 
functionality, performance), and of the attributes of the clinical 
tasks and processes (e.g. organisation, task complexity). An "Individual" can 
represent an individual user or a user group. "Technology" can stand for the 
interaction of various tools needed to accomplish a given tasks (e.g. hardware, 
software, network). But the technology does not only comprise computer-based 
tools, but all tools used by the individuals to execute the tasks, therefore including 
also paper-based tools. "Task" comprises the wholeness of tasks and working 
processes that have to be completed (e.g. nursing documentation, order entry etc.) 
by the user and that are supported by the given technology. 
Organisational aspects in our model are either part of the individual aspect 
(individuals work in various roles and various groups in an organization), or they 
are considered in the task aspect (the clinical tasks and processes are organized in a 
given way, with defined responsibilities). 
The objective of IT management can now be defined as reaching an optimal fit 
between technology, user and task. This means that e.g. user involvement in the 
selection process or a good user support can improve the fit between the three 
aspects. Individuals must therefore be sufficiently motivated and knowledgeable to 
execute a certain task. The technology must offer sufficient functionality and 
performance to support a given clinical task. And the user must be sufficiently 
trained to use a given technology adequately. An insufficient fit will probably lead 
to problems during implementation projects. 
The fit between the attributes is more important than the individual  attributes 
themselves. For example IT skills of the users are not sufficient for the success of an 
introduction – rather, they must  match the requirements of the IT software (e.g. 
complexity). 
In our German hospital case study, the clear structure with three objects and three fit 
dimensions helped us reflect on the different reactions of the wards we had found in 
the evaluation studies, on the problems which occurred during introduction, and on 
the interventions of project management. We did not find any aspect that we could 
not easily structure within this FITT framework. 
In many cases, IT introduction is accompanied by organizational changes (e.g., when 
CPOE is introduced, a much higher documentation burden is suddenly put on the 
physicians), often leading to low user satisfaction or even user boycott. These 
problems are then often attributed to the IT system (suspecting a 
low fit between IT and user or between IT and task). But in fact the problems are 
mostly coming from a more fundamental ill-acceptance of the new task to be done, 
thus reflecting a low fit between user and task! ... the nurses in our study partly 
expressed the opinion that the new software system was not usable. Detailed analysis 
revealed that at least some problems were based on the miss-fit between user and task 
– and not on a miss-fit between user and technology. 
... socio-technical systems are non-trivial systems. From this point of view, the 
significance of the various factors influencing the fit can only be analysed based on 
the background of a given setting, with all of the political, organizational and 
individual history influencing the fit... it may be difficult or even impossible to 
analyse the complex and interacting factors that influence the fit. but a rough priority 
list would help IT managers to optimize planning and directing of IT systems in 
clinical context – without trying to quantify the individual impacts and their 
interactions [in the specific setting], which does not seem helpful [or  possible]. 
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Bakken, S., and Ruland, C. M. "Translating Clinical Informatics Interventions into Routine Clinical Care: How Can the RE-AIM 
Framework Help?," Journal of the American Medical Informatics Association 16 (2009): 889-898. 
Key Passages 
The objective of this paper is to demonstrate the applicability of the RE-AIM 
(Reach, Effectiveness, Adoption, Implementation, and Maintenance) framework, 
with proposed extensions, to [clinical informatics] intervention research and 
describe the framework‘s role in facilitating the translation of evidence into 
practice and generation of evidence from practice. 
 
an RCT of a personal digital assistant–based decision support system for guideline-
based care, illustrates how RE-AIM can be used to inform the design of an efficacy 
RCT that captures essential contextual details 
typically lacking in RCT design and reporting... validates, through example, the 
applicability of RE-AIM to inform the design, implementation, evaluation, and 
reporting of clinical informatics intervention studies 
 
Although more focus has centered on breaking down the barriers between basic 
science and clinical science, several authors have emphasized the importance of 
removing the barriers between clinical science and translation of discoveries into 
routine clinical practice and healthcare policy. Woolf, in particular, has suggested 
the need for additional resources to support the latter given the likelihood of greater 
impact on the public health. 
 
Our premise is that, as with clinical science, clinical [informatics intervention 
research suffers from a lack of attention to external validity (i.e., generalizability) 
in study design, implementation, evaluation, and dissemination. Moreover, lack of 
attention to external validity hampers the ability of others to assess the fit of a 
clinical informatics intervention with demonstrated efficacy in one setting for 
implementation in their setting. The RE-AIM framework addresses these concerns. 
 
 
... the dimensions of the RE-AIM framework emphasize external validity in study 
design and evaluation as a method for increasing the likelihood that a particular 
intervention will work either across settings or in a particular setting. The first aspect 
relates to the generalizability or robustness of findings across situations and 
populations. The second, which is paramount for organizational decision making, 
addresses the relevance of the evidence generated through research in a particular 
setting, population, and circumstance to another 
 
... because of their emphasis on internal validity, traditional RCTs have 
characteristics that hamper implementation of the results into practice. These include 
strict inclusion and exclusion criteria and ignoring or trying to control for  
variations in clinical practice There has been less attention given to the study of 
interventions under typical and varying, rather than optimal, conditions such as those 
in an RCT 
 
Inclusion of data collection and analysis related to RE-AIM dimensions often 
requires a variety of methods not typically integrated into efficacy RCTs and 
consequently additional resources. For example, we conducted focus groups to assess 
predisposing, enabling, and reinforcing factors. Where appropriate, data related to the 
RE-AIM dimensions should be automatically captured as part of the clinical 
informatics intervention.  
 
As a complement to criteria that focus on internal validity, we have described an 
expansion of the RE-AIM framework to address the external validity of clinical 
[informatics] intervention studies. This is a critical step in moving from measuring 
efficacy to measuring effectiveness of a particular clinical [informatics] intervention, 
i.e., Stead, et al‘s fifth-level of evaluation... data related to the RE-AIM dimensions 
are vital to the understanding and removal of the barriers between clinical 
[informatics] intervention efficacy research and its translation into routine clinical 
practice and healthcare policy. 
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Key Passages 
The ―Interactive Hospital‖ project – was concerned with the design and 
development of pervasive computing technology for hospitals. More specifically, 
the aim was to build context-aware technologies that support distributed social 
awareness inside the hospital,  communication, and coordination before, during, 
and after surgery. The focus was on building hospital technologies which were 
embedded inside the hospital structure, and were using technologies like RFID 
location tracking of people and patients, large interactive displays embedded in the 
walls of the hospital, mobile phones and PDAs, and 
video media spaces... Due to the nomadic, collaborative, and 
multi-tasking nature of clinical work, ordinary PCs and terminals tied to desks and 
offices are not particularly appropriate for clinical work. In contrast, mobile units, 
large wall-based displays, location tracking, 
and seamless multi-modal communication better match hospitals. 
At that time it was difficult to see it as anything really new – after all it was just a 
carriage with an engine instead of a horse, and it did not even run as fast or as 
reliable as the existing horse-driven ones. Nevertheless, today there is no doubt 
when we see these early cars; they were the first examples of something really 
new... like pervasive computing. 
There is not a one-to-one relationship between research fields and methods; a 
research field may apply many different research methods, and the same research 
method is used in many different fields. For example, the field of pervasive 
computing applies many research methods ranging from ethnography, to 
qualitative methods, to field experiments, to quantitative metrics. Nevertheless, 
some methodological approaches are more ‗at home‘ within a scientific 
discipline than others; field studies and participant observation originate from 
ethnography; randomized clinical trials and evidence-based medicine originate 
from medicine, and quantitative metrics and performance analysis originate from 
computer science. Here, I want to suggest that a methodological approach, which I 
have labeled ‗clinical proof-of-concept‘ should be core to pervasive healthcare 
research....This method strikes a balance between two extremes; technical proof-of-
concept and a clinical trial. 
So an important question is how we can strike a balance between these two extremes; 
design and implement technical proof-of-concepts which are suited to provide 
sufficient clinical evidence for further research and development – to rephrase the 
definition from Marc Weiser, I would define such a clinical 
proof-of-concepts as ―the construction of working prototypes of the necessary 
functionality and infrastructure in sufficient quality to investigate evidence for 
improving health in daily use for a suitable period of time; a limited but relevant set 
of people serving as subjects‖ 
 
The technology should be a working prototype that is usable (but not necessarily 
user-friendly), works on its own, and is focused on addressing specific research 
questions. This technology should be deployed in a real clinical environment, should 
be used by real users (researchers are hands-off), for a short, but sufficient period 
of time (one day to three months). The methods used during this clinical proof-of-
concept should be targeted at collecting evidence, which demonstrate that the 
technology seems promising in addressing its specific goal. These methods would 
typically be qualitative in nature, involving observations, questionnaires, studies of 
perceived usefulness and usability; but may also include more quantitative measures 
of clinical effect, if possible. 
 
 Time-wise, a clinical proof-of-concept lies in between the traditional laboratory 
proof-of-concept and a full-scale clinical trial.... core idea is to design and construct 
focused research prototypes to a sufficient functionality and usability to investigate 
evidence for improving health in daily use for an appropriate period of time, 
involving a limited but relevant set of people. This method is placing itself – both 
with regard to timing as well as ambition – between the technical proof-of-concepts 
made in a research laboratory and the resource-demanding clinical trial. 
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Key Passages 
To design and psychometrically evaluate the Impact of Health Information 
Technology scale (I-HIT). I-HIT was designed to measure the perception of nurses 
regarding the ways in which HIT influences interdisciplinary communication and 
workflow patterns and nurses‘ satisfaction with HIT applications and tools. 
Content for the 29-item tool was derived from the literature, and supported 
theoretically by the Coiera Communication-Information Continuum (C-IC) model 
and by nurse informaticists. Coiera‘s (2000) model provided the conceptual 
underpinnings for this instrument development and psychometric evaluation study. 
The key components of the C-IC are the Communication Space (vertical axis) and 
the Task Space (horizontal axis). Information exchange takes place in the 
Communication Space. The shared understanding or ―common ground‖ that exists 
between communicating agents determines Communication Space. Factors likely 
to increase common ground are similar educational preparation, domain of 
practice, and socioeconomic status. When common ground shared by 
communicating agents is increased, formalized or structured communication 
interactions are improved. Therefore a higher degree of common ground enables 
communication processes that can be simulated in HIT applications and tools. 
The following key themes emerged from the literature review and were confirmed 
through analysis and discussion with judges and nurses: 
1. HIT as a facilitator/barrier to interdisciplinary communication 
2. HIT as a facilitator/barrier to the nursing roles of 
communication coordinator and integrator of care 
3. HIT as a facilitator/barrier to the nursing process 
4. Unintended consequences of HIT 
The resulting 43-item scale was related to perceptions of nurses regarding the ways 
in which HIT influences interdisciplinary communication and workflow patterns 
and nurses‘ satisfaction with HIT applications and tools. The  initial 43-items under 
the five key themes were arranged as follows: 1) Interdisciplinary Communication: 
10 , 2) Information Access: 8, 3) Practice Effectiveness and Efficiency: 11, 4) 
Interdisciplinary Relationships: 5,5) Workflow Implication: 9  
Seventeen hundred and sixty (1,760) respondents (all disciplines) 
answered the web survey from July 15 through September 30, 2005. The sample for 
the PCA consisted of all registered nurse respondents who had less than 10% missing 
data. Therefore, of the total sample of 1,760, 681 were dropped at this point, resulting 
in 1,079 cases 
Internal consistency reliability analysis using Cronbach‘s alpha was conducted on the 
43-item scale to initiate the item reduction process. Items with an item total 
correlation of less than 0.35 were removed, leaving a total of 29 items. Item analysis, 
exploratory principal component analysis and internal consistency reliability using 
Cronbach‘s alpha were used to confirm the 29-item scale. 
Principal components analysis with Varimax rotation produced a four-factor solution 
that explained 58.5% of total variance (general advantages, information tools to 
support information needs, information tools to support communication needs, and 
workflow implications). Internal consistency of the total scale was 0.95 and ranged 
from 0.80-0.89 for four subscales. 
 
The literature on HIT and Coiera‘s C-IC model both demonstrate that the preferred 
mode of communication in health care has been face-to-face and other synchronous 
methods. Therefore, incorporation of electronic methods of communication must be 
accompanied by a careful assessment of the role that personal interaction plays in 
information transfer and problem solving. Coiera‘s C-IC model provides a useful 
framework when evaluating the adequacy of existing HIT applications and tools in 
acute care settings and offers a means to predict the types of communication-
information interactions most likely to benefit from automation. 
A means of evaluating the impact of HIT in hospital settings is needed.  The I-HIT 
scale should be administered to nurses working in direct care positions and will offer 
useful information regarding the adequacy of existing HIT applications and tools in 
acute care settings... continued testing is warranted to evaluate the stability of I-HIT 
and its component structure over time and across various acute care settings [Dykes 
et al 2009  address international validations.] 
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Key Passages 
Managers and clinicians (physicians and nurses) too often blame undesirable 
consequences and  implementation failures on the performance of the newly 
introduced technology. Although technical flaws often cause problems, many 
harmful or otherwise undesirable outcomes of HIT implementation flow from 
sociotechnical interactions—the interplay between new HIT and the provider 
organization‘s existing social and technical systems—including their workflows, 
culture, social interactions, and technologies. Traditional sociotechnical and 
ergonomic analyses stress the benefits of appropriate design of technologies, but 
tend to treat designed configurations as stable over time and consistent across 
contexts. Social construction and Technology-in-Practice and Social Informatics 
approaches explicitly acknowledge the embeddedness of ITs within organizations 
and broader social contexts. Thus nearly identical information ITs can be applied 
and used very differently because of the many, complex interactions among people, 
between people and equipment, and even between sets of equipment 
Four key features of our ISTA (Interactive SocioTechnical Analysis) 
• The importance of examining actual uses of HIT (―HIT-in-use‖), rather than uses 
that were planned or envisioned by designers or managers. 
• The impact on HIT use of technical and physical settings of work. 
• Users‘ renegotiation and reinterpretation of HIT features. 
• Interaction and interdependence among social and technical systems and 
recursive relations among sociotechnical subcomponents. 
ISTA framework discourages viewing HIT innovations as things, treats them as 
elements within unfolding processes of sociotechnical inter-action... results of HIT 
innovation can never be fully determined by the technology. Socio-technical 
interactions are dynamic, emergent, hard to understand, and often surprising—
conditions characterizing complex adaptive systems. ISTA rejects assumptions that 
HIT problems can be solved with better HIT, proper implementation depends 
primarily on training/ support... diverges from prevailing engineering approach, 
that models existing clinical administrative practices in new HIT solutions, fine 
tunes them, and freezes these solutions and required behaviors. 
ISTA Typology of Unintended Consequences 
1. New HIT changes existing social system: More/New Work for Clinicians; Changes 
in Communication Pattern/Practices; Workflow 
2. Technical & physical infrastructures mediate HIT use— 
Interaction of new HIT with existing technical and physical 
conditions affects HIT-in-use: Paper Persistence 
3. Social system mediates HIT use—Interaction of new HIT with the social system 
affects HIT-in-use: New Types of Errors; Causing Cognitive Overload by 
Overemphasizing Structured & “Complete” Information Entry or Retrieval;  Paper 
Persistence; Misrepresenting Collective, Interactive Work as Linear, Clear-cut, 
Predictable Workflow; Misrepresenting Communication as Information Transfer; 
Human-Computer Interface Unsuitable for Highly Interruptive Context 
4. HIT-in-use changes social system—Interaction of new HIT with the social system 
affects HIT-in-use, which then further changes the social system: Changes in the 
Power Structure; Overdependence on Technology; Changes in Communication 
5. HIT-social system interactions engender HIT redesign—Inter-action of new HIT 
with the social system affects HIT-in-use, which then leads to changes in HIT 
properties: Never-Ending Demands 
 
While not absolving new technology developers  from responsibilities to offer 
responsive, safe, and useful products, ISTA places analysis of the dynamics of 
healthcare organizing at the center of HIT implementation...  formative evaluations 
as opposed to post-hoc summative evaluations can help managers and IT designers 
address emerging consequences before they harm patients, compromise quality, or 
undermine implementation opportunities. 
By emphasizing complexity and emergent nature of Socio-technical interaction, 
ISTA encourages all to view system interactions as opportunities for learning and 
improvement, rather than as annoying barriers or signs of user resistance. 
9 
Lilford, R. J., Foster, J., and Pringle, M. "Evaluating eHealth: How to Make Evaluation More Methodologically Robust," PLoS Med 6 
(2009): e1000186. 
Key Passages 
...pre-implementation testing resonates strongly with the UK Medical Research 
Council (MRC) framework for evaluation of complex interventions [2], the tenets 
of safety science (which endorses the use of analytic procedures to predict the 
failure rate of a system still in the design phase), and established principles in the 
IT field where ‗‗alpha testing‘‘ is routine. But how should IT systems be evaluated 
as they are rolled out following pre-implementation testing? 
A recent systematic review showed that ‗‗most of the high quality literature 
regarding multifunctional health information technology systems comes from 4 
benchmark research institutions‘‘ and that ‗‗little evidence is available on the effect 
of multifunctional commercially developed systems‘‘ 
We identified four tricky issues eHealth researchers need to consider, namely: (1) 
which research methods are suitable for the evaluation of highly complex 
interventions with diffuse effects, such as IT systems; (2) whether it is necessary to 
make observations at both the patient and the system level; (3) whether to conduct 
research that strengthens or improves the intervention being evaluated (formative 
research) and/ or research that examines the benefits or outcomes of that 
intervention (summative research); and (4) whether to evaluate research both 
externally and internally. 
We believe that the best way to evaluate eHealth is through ‗‗methodological 
pluralism‘‘... undertaking combined quantitative and qualitative work when 
evaluating IT systems. Quantitative research can provide important numerical 
information about how IT systems are performing and is important in theory 
building, which is necessary to understand how interventions work (not just 
whether they worked in a particular set of instances) and hence to inform 
judgements about the generalisability of results from one context to another. 
Qualitative research can provide information on topics such as ease of use, which 
will ultimately affect whether the IT system is successful. So, for example, 
quantitative data may show that computer decision support has little impact on 
clinical error, while qualitative work explains why—for instance, clinicians may 
experience alert fatigue. More controversially qualitative research can also 
contribute to parameter estimation, particularly under a Bayesian framework 
 
Like other system-based interventions, IT may impact at many levels in the 
organisation and may have many effects (good or bad) at these different levels. 
We have conceptualised these levels in the form of a causal chain (Diagrams). 
 IT interventions, like other patient safety and service delivery interventions, 
frequently need to be studied at all of these levels By formative assessment, we mean 
studies that provide timely feedback to those who are responsible for implementing 
an IT system. By summative assessment, we mean the provision of generalisable 
knowledge that will inform decision makers elsewhere and into the future, well 
beyond the life cycle of a particular application. A pragmatic policy for research 
commissioners under these circumstances is to commission both formative and 
summative assessments from the research team, but to try to identify any effects of 
the former on the latter. 
 
we illustrate the concept of formative versus summative assessment on the one hand 
and internal versus external assessments on the other. These types of assessments 
sometimes have to be combined, but we would prefer to separate them into two 
different paradigms: (1) formative assessments that are carried out by internal teams 
(or through collaborations between internal teams and ‗‗consultants‘‘); and (2) 
summative assessments that are independent, operate over larger time frames, are 
conducted by disinterested ‗‗academic‘‘ teams, and incorporate both before and after 
measurements and external controls 
 
we discern a growing pressure across all service delivery evaluation projects to ask 
researchers to be ‗‗all things to all people‘‘ and provide both formative research for 
service managers and scientific data with international significance, all in the same 
study. We argue against this tendency in order to  ensure that the evaluation of 
eHealth and other complex service interventions is as robust as possible 
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Key Passages 
Successful EHR implementation is facilitated and sometimes determined by 
formative evaluation, usually focusing on process rather than outcomes 
 
Formative evaluation, defined here as an iterative assessment of a project‘s 
viability through meeting defined benchmarks, can mean the difference between 
success and failure in EHR implementation. However, there is little understanding 
of the value of formative evaluation among many health care facilities now facing 
the need to implement EHR systems. There is even less understanding of how to 
accomplish the most rudimentary formative evaluation. 
While randomized controlled trials are considered the gold standard for research in 
the medical sciences, there are a number of other forms of evaluation that can serve 
to advance health care and inform decision makers in this dynamic environment 
There are three basic areas of formative evaluation that should be considered 
during most implementations. These are the effectiveness of the technology 
implementation itself, the factors that relate to personal and organizational issues, 
and the financial impact. 
Technology evaluation can be centered around many different components, 
including reliability, performance measures, standards and interoperability, 
customized tradeoffs, usability, and usefulness...  
Two areas in which the technology might introduce problems are in 
interoperability with other systems and in the choice for specific customizations 
that might inhibit full functionality of the global EHR system. Formative 
evaluation in these areas needs to begin by assessing the workflows and outcomes 
prior to the implementation and reassessing them after significant time has passed 
to account for the learning curve with any new system implementation. Formative 
evaluation can give the data necessary to determine whether or not the system or 
component implementation has improved or inhibited the process leading to 
desired outcomes; formative evaluation can provide justification to either modify 
or remove a dysfunctional system or component. 
Formative evaluation of organizational aspects of a proposed EHR implementation 
needs to begin prior to the system selection. An environmental analysis of the 
organization that includes current process and workflow assessment, readiness to 
adopt new technologies, belief systems, and other human factors concepts will 
identify the potential issues that could derail any EHR implementation. The pre-
implementation evaluation accomplishes two things. First, it engages users in the 
implementation process and can garner buy-in among all future system users. This is 
accomplished by soliciting feedback and acting upon suggestions. Second, it can be 
used to identify any organizational constructs that could serve as roadblocks to 
successful implementation. 
In attempting to do formative evaluation of Return on Investment, many 
measurable events for which a dollar value could be assigned will occur over time. 
Extrapolation of real costs and savings from a relatively small number of events 
within a discrete time frame might offer the best model for demonstrating the 
financial impact of the EHR system. 
To provide a framework for formative evaluation of health information technology, 
the NRC evaluation team developed an Evaluation Toolkit... [Cusack and Poon],  
based on a greatly simplified version of a research framework that provides a 
stepwise process for developing a formative evaluation plan. The tools used for 
[summative] research may or may not be applicable to the formative evaluation 
process. However, most of these validated instruments and study designs could be 
rewritten for use in formative evaluation. 
 
Questions may arise about the need to spend precious resources devoted to EHR 
implementation on the formative evaluation process. The rationale is found in the 
goals of the EHR implementation and the need to demonstrate that these goals have 
been met. Key stakeholders have real goals and the formative evaluation needs to be 
crafted around the desired outcomes of these stakeholders.... Without such formative 
evaluation, EHR systems may fail during the implementation process or fail to be 
supported after implementation unless value is shown. 
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Key Passages 
For Stone and Wiener workplaces have four dimensions: (1) organizational 
arrangements, for example, goals, structure, policies, and rewards; (2) social 
factors, for example, organizational philosophy and values, management style, and 
interactions with employees and patients; (3) the physical setting /environment, e.g. 
character, physical design, ergonomics; and (4) technology. In our model these 
affect nurses‘ initial & continued use of technology. 
Technologies used by nurses offer the means for preventing errors and adverse 
events (e.g., medication errors, miscommunications, delays in treatment, and 
adverse events—such as failure to rescue, nosocomial infections, pressure ulcers, 
falls, and complications of immobility). Yet technology also introduces unintended 
side effects and opportunities for failures... Nurses may respond to unintended 
consequences of technology with ―work-arounds,‖ or temporary fixes to 
technology problems or malfunctions. While work-arounds fix an immediate 
problem, they can be dangerous, not solving the underlying problem in a system. 
Organizational factors that influence the use of technology include policies, 
resources, culture, social norms, management commitment, training programs, and 
employee empowerment...  
Social factors... Sandelowski noted the complex and often troubled relationship 
between technology and nursing since the establishment of nursing as a profession 
in the latter part of the 19th century. Nurses have been both users of technology 
and facilitators for gaining patient acceptance of technology, but it has sometimes 
been a struggle for nurses to define the role of technology in their profession. 
Technology has played out in debates of caring versus curing and high-touch 
versus high-tech in explaining the role of nursing in health care. In 70s, mastery of 
technology often took second place to mastery of psychosocial skills such as 
communication and development of a therapeutic relationship. This relatively 
recent culture of nursing and health care has served to work against systematic 
incorporation of technology into nursing practice to improve patient outcomes. 
Nurses have been found willing to embrace safe patient handling and other 
technologies if they are convenient; easy to use; target a high-risk, high-cost, and 
high-prevalence problem (such as falls); are consistent with unit and/or 
organizational goals; and are either compatible with existing work patterns or have 
the potential for improving efficiency and time spent with patients. 
The physical environment, particularly in older buildings never designed to 
accommodate newer technologies, is often a constraining factor in use of many types 
of equipment by nurses 
 
The key initial outcomes of technology are effectiveness, efficiency, and user (i.e., 
nurse) and patient satisfaction with the device... Longer-term objectives reach beyond 
these immediate ones and include adverse events, injuries, satisfaction, competency, 
errors, goal attainment, and organizational outcomes such as efficiency, cost 
(including cost avoidance, return on investment, margins, and working capital), 
health care quality, and nursing retention and recruitment. .. Optimally, technology is 
designed to minimize errors and buffer the consequences of errors1 by (1) 
eliminating errors and adverse events;(2) reducing occurrence of errors/adverse 
events; (3) detecting errors early, before injury occurs; and (4) mitigating the effects 
of errors after they occur to minimize injury.3 In this ―ideal‖ scenario, patient care 
technology would yield positive nurse, patient, and organizational outcomes. 
Chaotic implementation of new technologies appears to be the norm in health care. 
More research is needed to more effectively introduce new technologies, minimizing 
risk to the patient, and reducing stress on nursing staff. Research on the quality of 
care reveals a health care system that frequently falls short in its ability to apply new 
technology safely and appropriately... Workplaces, instruments, and equipment can 
be developed according to human factors design criteria, but as an end-user, nurses 
can maximize safety through the selection process, ongoing surveillance of 
equipment, and proactive risk-asses 
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Key Passages 
We report the design and implementation of a multimethod evaluation model informed by 
sociotechnical theory and an appreciation of the nature of wicked problems to assess the 
impact of computerized order entry systems on both the technical and social systems within 
a health care organization. Model components include measurements relating to three 
dimensions of system impact: safety and quality, organizational culture, and work and 
communication patterns. 
Designing an effective evaluation model requires a deep understanding of the nature and 
complexity of the problems that information technology interventions in health care are 
trying to address. Adopting a sociotechnical perspective for model generation improves our 
ability to develop evaluation models that are adaptive and sensitive to the characteristics of 
wicked problems and provides a strong theoretical basis from which to analyze and interpret 
findings... and.. .grapple with the wicked problem of how to deliver safe and sustainable 
health systems using IT.  
Wicked problems are those that are ―ill-defined, ambiguous and associated with strong 
moral, political and professional issues.‖5 According to Ritchey,5 there is little consensus 
about the definition of wicked problems or how to resolve them. Wicked problems are 
dynamic with multiple sets of complex, interacting issues that evolve in an emergent social 
context. A significant challenge in addressing such dilemmas is that it is difficult to know 
when an end point has been reached. Solutions will be socially constructed depending on the 
observer‘s standpoint and predilections. Fixes to wicked problems will often contain within 
them other wicked problems, and attempted solutions invariably generate new wicked 
problems. Wicked problems are characteristic of complex adaptive systems... like hospitals.. 
the problems to be addressed by the introduction of IT into health care organizations are in 
themselves wicked problems. They include improving the quality and safety of health care 
and delivering more efficient care, and while often presented as straightforward and simple, 
are in fact resistant to solutions, 
intractable, political, and multidimensional. They are prone to be at best indefinite and 
contradictory, and at worst impossible to resolve satisfactorily. The decades of strategies for 
improving the safety and quality of health care are a testament to the wickedness of this 
problem  
 
[From our workload study] the greatest proportion of doctors‘ time is spent in professional 
communication (33%) whereas for nurses it is spent in direct care (24%), followed by 
professional communication (22%). Secondly, comparisons between wards have shown, for 
example, that nurses‘ patterns of work task time did not vary substantially across hospital 
wards.55 Thirdly, interestingly, we found that time spent on some work tasks, predicted to 
decrease after the introduction of the electronic medication management system, such as 
time nurses spent clarifying a drug order or time doctors spent searching for a missing 
medical record, actually consumed very small (<1%) proportions of time.54 Thus even if 
there were substantial savings in time for these tasks after system implementation it would be 
unlikely to make a significant impact on overall patterns of work–time distribution. What we 
have learned from this experience is the value of the pre–system implementation data in 
terms of allowing an organization to develop a more evidence-based approach to identifying 
the areas of health care delivery more likely to reap rewards and thus those areas where post–
system implementation evaluation should focus. 
... slippage of system implementation timelines... is the central reason why there are so few 
long-term studies of health IT undertaken, why most evaluations occur once the system is in 
place, and why evaluations are most frequently undertaken in-house.16 Few independent 
evaluators have the resources or capacity to allow their research timelines to extend in excess 
of three years, and few funding bodies will support this. Although government health 
departments or private health care providers may value the availability of high-quality 
evidence to inform decision making processes, policy timelines rarely extend to allow such 
research to be undertaken or supported. 
The importance of moving away from uni-dimensional evaluation studies 
and the limitations of traditional positivist scientific methods such as randomized controlled 
trials have been well argued.61,62 Several previous health informatics researchers, drawing 
on social interactionist,61,63,64 actor-network, and sociotechnical theory,65,66 have made 
significant contributions to focusing attention on the impact of organizational issues on ICT 
integration and use.... Health informatics evaluators need to appreciate that they are 
researching a wicked sociotechnical problem with no  mechanistically deterministic 
resolution/ 
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Key Passages 
Translational research means different things  to different people, but it seems 
important to almost everyone [perfect border object!] 
―T1‖  refers to the ―bench-to-bedside‖ enterprise of harnessing  knowledge from 
basic sciences to produce new drugs, devices, and treatment options for patients. 
For this research—the interface between basic science and clinical medicine—the 
end point is the production of a promising new treatment that can be used clinically 
or commercialized. For others—especially health services researchers and public 
health investigators whose studies focus on health care and health as the primary 
outcome—translational research [is ―T2‖ and] refers to translating research into 
practice; i.e. ensuring that new treatments and research knowledge actually reach 
the patients or populations and are implemented correctly. The production of a new 
drug, endpoint for T1 is only the starting point for T2. 
Their goals, settings, study designs, and investigators differ. T1 research requires 
mastery of molecular biology, genetics, and other basic sciences; appropriately 
trained clinical scientists working in strong laboratories and with cutting-edge 
technology; and supportive infrastructure within the institution. In contrast, the 
―laboratory‖ for T2 research is the community and ambulatory care settings, where 
population-based interventions and practice-based research networks bring the 
results of T1 research to the public. T2 requires different research skills: mastery of 
the ―implementation science‖ of fielding and evaluating interventions in real world 
settings and of the disciplines that inform the design of those interventions, such as 
clinical epidemiology and evidence synthesis, communication theory, behavioral 
science, public policy, financing, organizational theory, sys-tem redesign, 
informatics, and mixed methods/qualitative research. T1 and T2 face different 
challenges. T1 struggles more with biological and technological mysteries, trial 
recruitment, and regulatory concerns. T2 struggles more with human behavior and 
organizational inertia, infrastructure and resource constraints, and messiness of 
proving effectiveness of ―moving targets‖ under conditions that investigators 
cannot fully control. 
The T2 research community is still defining itself, both in name and in scope. 
Being named TRIP, T2, or even translational research is unsatisfactory to many in 
the discipline, but no consensus has coalesced around alternative terms (e.g., 
dissemination, health services, knowledge translation/transfer, implementation, or 
quality improvement research). The scope of T2 research is also unclear. The IOM 
Model [Sung 2003]5 portrays T2 as one step—the translation of new  knowledge 
into clinical practice—but the process is rarely that simple. Westfall et al 2007 
redrew the model to include a third step (T3), practice-based research, which is 
often 
necessary before distilled knowledge (e.g. systematic reviews, guidelines) can be 
implemented in practice. How attention and resources are apportioned to T1 and 
T2  [and T3] matters because, for many diseases, T2 may do more to decrease 
morbidity and mortality than a new imaging device or class of drugs. Public interest 
therefore requires T2 to come out from under the shadow of T1. More than a new 
name T2 needs new recognition and emphasis. Policy makers and the academic 
research community must come to a clearer understanding of the distinction 
between inventing treatments and getting them used in practice. Research funders 
must weigh carefully the relative capacity of each research sphere to improve 
health and economic outcomes... . Disproportion has consequences and the current 
policy of spending 1.5% of research dollars on health services research is probably 
costing lives. Discovering better ways to ensure that patients receive the care they 
need—safely, compassionately, and when they need it—is not easy and poses 
formidable methodologic challenges. Scientific discoveries and spectacular new 
devices are more fascinating to the public and more lucrative for industry... Funders 
should strike a balance between areas of research—T1 vs. T2, clinical vs. 
population-based research—and emphasize each endeavor in proportion to its 
ability to improve health. ―Poverty matters as much as proteomics in understanding 
disease‖ 
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Key Passages 
Summarizes  experience in developing and implementing 3 generations of PDA-
based clinical encounter logs for Advanced Practice Nursing (APN) students at the 
Columbia University School of Nursing (CUSON) and describes key lessons 
and implications for members of the American Academy of Nursing. The 
development has occurred within the context of curricular innovations and 
promotion of competencies in informatics and patient safety and the conduct of 
randomized, controlled trials of guideline based decision support (Carried out in 
2004+2007. Transcultural English or Spanish (NY based)). 
 
Students in the CUSON APN programs are taught to document through the 
creation of a 5-part APN plan of care: Diagnostics, Procedures, Prescriptions, 
Patient Teaching and Counseling, and Referrals. Although the application 
functionality has evolved through each generation, the initial design principles 
have remained consistent. These include: user-centered design, modular 
programming approaches, maintenance of content in the knowledge base rather 
than in the application, and use of standardized terminologies and other healthcare 
data exchange standards. 
 
Generation 1: ... focus was on supporting the collection of a set of encounter-level 
data elements tailored to each APN specialty. 
data elements represented in the knowledge base included Home Health Care 
Classification (now Clinical Care Classification) for nursing diagnoses, patient 
teaching and counseling, and referrals; International Classification of Diseases-
Clinical Modification for medical diagnoses; and Physician‘s Current Procedural 
Terminology for diagnostics and procedures. Student reports were generated to 
facilitate the APN students‘ critical examination of their own practices over time 
and to provide a cumulative profile suitable for sharing with future employers 
Generation 2 decision support for the screening, diagnosis, and initial management of 
smoking, obesity, and depression was added.... areas chosen because they were 
relevant across age groups and APN specialties. Standardized assessment 
generates an automated diagnosis and associated tailored plan of care. The tailored 
plan of care, which is organized as a document template, serves the dual purpose of 
displaying the relevant evidence-based care and supporting documentation of 
the selected interventions (i.e., the evidence is actionable). 
 
Generation 3: referential knowledge was added to the categories of Patient Teaching 
and Counseling and Referrals through provision of context-specific links 
(infobuttons) to external information resources. This additional decision support 
approach facilitates access to up-to-date knowledge since the knowledge is 
maintained by the knowledge developer (e.g., the National Cancer Institute‘s Cancer 
Information Service for the CUSON smoking cessation application) rather than by 
the application developer 
 
The key lessons from the CUSON PDA experience: First: must be buy-in from key 
stakeholders—the administration, faculty, and students—so that use of the PDAs is 
viewed as an essential part of the curriculum.. Second, there must be a fit between the 
technology (e.g., the PDA student clinical log and decision support system) and the 
tasks to be achieved in the educational experience. Third, user training, including 
booster training sessions and general technical support, is essential 
In summary, the promise of PDAs to advance evidence-based practice and patient 
safety in clinical education is great; however, fulfilment of the promise requires a 
substantial commitment from key stakeholders 
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Key Passages 
The use of PDAs is likely to bring much benefit to patients, society, and the 
medical profession. On one hand, delay in the use of a clearly beneficial 
technology is ethically, and potentially legally, problematic. On the other hand, 
precipitous adoption of such a powerful modality may preclude sufficient 
consideration of 
a broad range of clinical, professional, ethical, and legal issues that may not have 
yet fully surfaced. The identification and weighing of benefits, risks, harms, and 
implications of widespread proliferation of handheld computers into clinical 
practice is still a speculative endeavor. 
Benefits both to the patient and to society must be weighed. Patient and clinician 
preferences are relevant but not necessarily controlling when other factors such as 
quality of care, economics, or overall social good indicate that the new technology 
offers, on balance, clear advances over previous ways of practicing medicine and 
providing healthcare services. 
 
... the PDA has rapidly diffused into the day-to-day professional 
life of clinicians without rigorous testing, evaluation, and analysis. 
The FDA has adopted a ‗‗low intervention‘‘ policy on ‗‗stand-alone‘‘ medically 
based computer software, as long as physician decision making is still involved and 
the software is not physically connected to or integrally related to running a device 
that provides patient care (e.g., a CT scanner). 
 
...some of the opposition will be based on little more than clinician preference or 
the very common and very human hostility to change and affinity for the familiar. 
Concerns about unforeseen consequences should be taken seriously, but the mere 
desire to continue to do things as they have been done in the past cannot. If a 
particular use of PDA technology offers notable patient benefit with only limited 
financial burden and patient risk, then it will be difficult to oppose legitimately 
widespread dissemination and use.  
The test of whether a particular technology, like a PDA, must 
be used is no different than that of other medical negligence cases. If physicians  fail 
to do so and patients are injured as a result, then they might be called to account for 
patient injuries. 
 
The protection that ‗‗custom‘‘ provides physicians in regards to handheld computers 
may be short-lived. Physicians are required to keep abreast of changing standards of 
care, and the extent to which the use of PDAs is customary or the standard of care is 
a rapidly moving target. ... Even if the use of that technology was not customary, or 
the standard of care, within the profession. Helling vs. Carey 1974 held that an entire 
professional field might be negligent for failing to employ a technology that was (1) 
accurate, (2) inexpensive, (3) highly beneficial, and (4) low risk to the patient. Some 
observers believe that the medical profession‘s incomplete assimilation of the 
benefits of PDA-based programs will itself play a role in encouraging the courts to 
reexamine the role ‗‗custom‘‘ has played in the articulation of standard of care.  
..Quite simply, as patients suffer negative outcomes that could have been avoided by 
the use of PDA or other accessible computer-based means, courts may be less likely 
to accept the role of custom uncritically. The drift away from custom has already 
started; it seems unlikely that courts will continue to allow custom to lag behind 
inexpensive, practical, and effective technologies and knowledge. 
 
Although caution is advisable with regard to some uses of PDAs, it is equally 
obligatory—ethically and perhaps legally—to rapidly identify those uses for which 
resistance to change is no longer 
professionally and ethically justified... a commitment to a systematic collection of 
data related to the performance of PDAs ...  will slow or stop problematic 
applications of the technology while expanding uses of the devices in the areas of  
patient care in which delay is no longer defensible. 
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Key Passages 
Aim: To illustrate the potential of mobile technologies to improve information 
access and research use in health care ass well as their limitations as knowledge 
translation tools.  
The purpose of this Notebook is to explore the use of PDAs to increase nurses‘ 
access to and use of evidence-based resources in practice... how information and 
communication technologies, such as PDAs, can support evidence-based practice 
and  the role of information and communication technologies within the context of 
established knowledge translation approaches. Recognising that information 
technologies alone will not change evidence-based practice, the limitations of 
current technologies will be discussed, drawing on research evidence to argue the 
importance of considering technological innovation within the context of other 
knowledge- translation strategies. Draws on the findings of 3 recent studies 
completed by our team at the University of Toronto. In the first study, a clinical 
decision support system, which provided nurses with evidence-based practice 
guidelines automatically (via PDAs) in response to patient-specific assessment 
information, was developed and evaluated in 6 settings: 3 hospitals and 3 home 
care agencies. Practising nurses used their PDAs to assess patient outcomes using 
the Health Outcomes for Better Information and Care (HOBIC)4 measures, receive 
real-time feedback about those patient outcomes, and receive information about the 
Registered Nurses Association of Ontario (RNAO) best-practice guidelines5 6 
specific to their patient outcome assessments. [Second study omitted here]  
The third study assessed the effectiveness of PDAs and mobile tablet PCs in 
improving nurses‘ access to various information resources. Nurses were provided 
with a suite of information resources, including the RNAO best practice guidelines, 
Lexi8 or PEPID9 resources, and Nursing+10. The study was done in acute care, 
long-term care, home care, and correctional facilities in Ontario, and involved both 
advanced practice and staff nurses The value of PDAs and ‗‗smart phones‘‘ as 
communication tools and information resources is one of the key findings. 
Despite positive examples, our research suggests that technology alone does not 
change evidence-based practice. When nurses had access to EBP guidelines in 
response to their HOBIC outcome assessments, documentation of interventions 
related to pain and pressure ulcers, did not change. 
Lack of comfort with computer technology was a barrier to information seeking and 
electronic charting for some nurses. 
These findings are consistent with the literature on research utilisation. Research 
suggests that context (e.g. organisational culture, structure, and leadership) influence 
research use by providing a context where particular ideas, activities, people, or 
events are more highly valued than others. 
Mobile communication technologies such as PDAs have the potential to improve 
research use and evidence-based practice; however, they need to be used within the 
context of other proven knowledge-translation methodologies. Communication 
technologies in health care will continue to evolve, overcoming some of the 
limitations of the handheld PDA, such as size and infection control concerns. They 
will integrate telephone software and computer systems to deliver improved decision 
support and will blend seamlessly into clinical workflow. We need to continue to find 
ways to provide nurses with access to high quality resources that have proven validity 
and clinical relevance. Concurrently, organisational leaders must ensure that nurses 
have fertile practice environments that support 
autonomy, reward knowledge work, and encourage the continuous improvement of 
patient care. 
Our investigation focused primarily on one organisational factor, access to electronic 
information at the point of care, and on the characteristics of the innovation itself in 
terms of design features and format of information resources. More research is 
needed on how research evidence, clinical circumstances, and patients‘ wishes are 
combined to derive optimal decisions. 
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Key Passages 
Themes emerging from search of Medline and Cinahl since 2000 re nurses 
perceptions and experiences of and attitudes and feelings towards EHRs. (Common 
reports, not universal or even general) 
Inattention to Nursing workflow 
Physicians needs prioritised during planning and implementation, nursing needs 
overlooked. Little consideration given to nursing workflow processes in design of 
software or hardware selection 
Inability to capture invisible work of nurses 
EH does not capture intangible aspects of nursing process. such as emotional care 
provided..  not recognized and valued  by substantiation in EHR. Fear that will 
EHR system will take nurse away from care and make art of nursing impersonal 
Logistical problems leading to increased workload 
Difficulties with passwords, navigating system, wait time for computers, lack of 
intuitive icons and graphic user interfaces, inadequate technical support, printing 
problems, computer speed, batteries running down. If computers not available at 
POC  nurses record on paper and enter into computer later, doubling workload. 
Lack of training 
Most felt received inadequate training 
Lack of Useful output (from nursing point of view) Several studies indicated that 
nurses did not gain useful data from EHR  ... data entered went somewhere and 
someone else did something with it.. system seen as purely administrative tool... 
felt like data entry clerks 
Feelings of imposition 
Lack of participatory and involving approach ‗jammed down our throats‘ 
Myths and suspicions 
Not to improve patient care and safety but to save money, reduce nursing staff , 
change working practices, discharge more quickly 
Lack of concern with patient privacy and confidentiality 
[Need for] Involving nurses in long-term vision and managing expectations. 
Even though in many cases it slowed down patent care activities most nurses were by 
and large supporters of IT. Many examples of positive attitudes and experiences re 
EHR... perceived that documentation had improved and this had potential to enhance 
patient care and safety. 
 
Magnet  award system shows what can be done by fully involving nurses in 
governance structures. Magnet accredited hospital defined as one where nurses 
contribute to excellent patient outcomes, are highly satisfied with the workplace and 
where there is high nurse retention and grievance resolutions. There is nursing input 
into data collection process and they contribute  to decision making re delivery of 
patient care 
 
If  EHRs do not support the nursing workflow, nursing suspicions and myths are not 
dispelled, nursing expectations are not managed and nursing is not included in the 
long-term vision,  EHRs will face serious adoption challenges... Nothing (hardware, 
software) works without people. 
 
Lewin‘s stage model (unfreezing status quo, changing, refreezing) could be used to 
improve  implementation of EHR especially needed is  much more attention to 
refreezing  stage... continual support and assistance to end-users necessary to avoid 
temptation to go back to old ways because of temporarily reduced productivity, 
problems of adjusting to new ways and dealing with pre-existing problems that 
surface during change.  Change management tend to concentrate on generating 
positive attitudes during unfreezing stage and fall short in refreezing stage when 
work flow challenges arise and are not resolved. 
Research needed into how EHRs can capture and measure the ‗invisible work‘ of 
nurses  and how involving nurses in design of systems can lead to improved 
workflow and hence to better conditions and patient care. 
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education programs," Patient Education and Counseling 77 (2009): 6-13. 
Focus/Aim 
 
Limits 
 
Criteria 
 
Search  
 
Results/synthesis 
 
Policy conclusions 
 
(i) Impact of 
interactive, 
computer-based 
education 
(ICBE) 
programs on (a) 
patient 
educational 
outcomes; 
 
(b) clinical and 
economic 
outcomes 
(ii) Factors 
contributing to 
inconsistency 
and variability 
in study results 
 
Dates 
1 Jan 00- 
31 Jan 08 
Languages 
English 
Settings 
Multiple 
(doctor, 
hospital, 
school, clinic, 
home) 
Study designs 
RCT only 
Publication 
types 
 
PRJ 
Inclusion 
 
(i) Knowledge 
gain as one of 
outcome 
measures; 
 
(ii) Compared 
ICBE 
effectiveness with 
some other form 
of patient 
education; 
 
(iii) either web-
based or stand-
alone 
 
Exclusion 
Not an interactive 
program 
employing video, 
still and audio 
presentations 
Databases 
 
Medline 
Cinahl 
(No hand 
Searching) 
 
 
Yield 
589 
Of which 25 
retained 
 
Quality 
Not 
Assessed 
Education outcomes 
22/25 studies report positive knowledge gain or 
retention, though results not consistent across 
measures and time 
Economic benefits 
Potential, since 7/8 report ICBE as effective or 
more effective than healthcare staff-provided 
education 
Patient Satisfaction 
‘In general, patients were very satisfied with 
ICBE programs‘ and 3 studies showed increased 
overall satisfaction 
Clinical benefits 
Inconsistent results across variety of outcomes 
and behaviours: 18 positive benefits, 7 no or 
negative 
Factors affecting impact and consistency 
across studies 
Program features 
Learning environments 
Viewing protocols 
Integration methods 
Comparators 
 
Although significant inconsistencies in results 
were noted, the research provided collective 
evidence that ICBE programs had the potential to 
add great value to the patient education process. 
Programs must be properly designed and 
implementation and integration processes 
effectively planned in order to achieve 
consistently positive outcomes. 
Consideration of the 8 ‗‗best practices‘‘ derived 
from the research and noted in this 
report will assist healthcare providers in 
designing, selecting, and implementing effective 
ICBE programs. 
 
 
 
 
 
21 
Lindquist, A. M., Johansson, P. E., Petersson, G. I., Saveman, B. I., and Nilsson, G. C. "The Use of the Personal Digital Assistant 
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Focus/aim 
 
Limits 
 
Criteria 
 
Search 
 
Results/synthesis 
 
Policy conclusions 
 
Overview of 
existing 
research on the 
use of PDAs 
among 
personnel and 
students in 
health care 
Dates 
1996-2008 
(may) 
Languages 
English 
Settings 
Any 
Study designs 
Any 
Publication 
types 
PRJ 
Exclusion 
Review articles 
and those focusing 
on PDAs in 
classroom only 
Databases 
PubMed, 
CINAHL, 
Cochrane, 
Ingenta 
Connect, 
and a local 
engine 
(ELIN@Kal
mar). 
 
Yield 
900+ 
Reduced to 
471 and 336 
after 
eliminating 
duplicates; 
172 after 
abstract and 
finally 48 
after full 
review 
Quality 
Assessed on 
SCTAHC 
criteria 
Categories used to structure review: social 
acceptability, practical acceptability, usefulness, 
utility, usability, learnability, efficiency, errors, 
and satisfaction... coincided to a certain extent 
with Nielsen‘s Model of System Acceptability. 
The various functions and software applications 
available on a PDA seem to ease the workload for 
health care personnel and students... we found 
that PDAs improve decision-making and point 
toward positive changes in patient treatment, a 
conclusion in line with Baumgart 2005 review. 
The possibility of checking medical orders and 
patient identification by using, for example, a 
PDA with a bar-code system, can reduce errors. ... 
We are convinced that there is a need for the PDA 
and that this is a tool for all professionals and 
students in health care... to utilize fully its 
capabilities, the PDA needs to be integrated with 
hospital networks with access to, for example, 
patients‘ health care records, including patients‘ 
test results and internal memos... Findings are not 
unanimous when it comes to whether or not using 
a PDA as a tool can save valuable time for 
personnel and students in health care. Not all 
users think that a PDA saves time, but PDA users 
do believe it can deliver faster and more efficient 
patient care... with one of top advantages being 
the speed with which one can retrieve information 
on the spot. 
The studies showed that health care personnel and 
students used PDAs in patient care with varied 
frequency. Most users were physicians. Some 
evidence that use of a PDA in health care settings 
might improve decision-making, reduce the 
numbers of medical errors, and enhance learning 
for both students and professionals, but evidence 
is not strong, with most studies being descriptive, 
and only 6 randomized controlled trials. Several 
special software programs have been created and 
tested for PDAs, and a wide range of situations 
for their use have been reported for different 
patient groups. Drug and medical information 
were commonly accessed by PDA users, and the 
PDA was often viewed as the preferred tool when 
compared to paper-based documents. Some users 
regarded the PDA easy to operate, others found it 
difficult in beginning. 
Conclusions. This overview of the use of PDAs 
revealed a positive attitude towards the PDA, 
which was regarded as a feasible and convenient 
tool. The possibility of immediate access to 
medical information has the potential to improve 
patient care. PDA seems a valuable tool for 
personnel and students in health care, but need for 
intervention studies, randomized controlled trials, 
action research, and studies with various health 
care groups in order to identify its appropriate 
functions and software applications. 
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Focus/aim 
 
Limits 
 
Criteria 
 
Search 
 
Results/synthesis Policy conclusions 
 
Published 
information 
available on use 
of PDAs in 
nursing 
education, 
focusing on 
impact  
 
To identify the 
type of 
published 
information 
available on the 
use of PDAs in 
nursing 
education 
Dates 
To 4 March 
2008 
Languages 
English 
Settings 
All 
Study designs 
All 
Publication 
types 
PRJ 
Inclusion 
 
(PDAs or 
handhelds) and 
(nurs* and 
education) 
 
Quality 
Not 
assessed 
 
 
 
 
 
 
 
 
 
Databases 
and Yield 
 
Cinahl = 69 
Medlin = 99 
Removal of 
duplicates + 
irrelevant 
left 99 
Half= case 
accounts; 
1/4 = quasi 
exp tests of 
PDA 
functionality
;1/4 = quasi 
exp tests of 
learning or 
patient 
outcomes. 
 
 No large scale RCTs of PDAs efficacy in 
promoting positive changes in learning outcomes 
or novel changes in instructional practices 
identified. Same as found in medical  education  
in Kho et al (2006) review 
 
‘Lessons Learned‘ about: 
Initial Implementation (simultaneous intro into all 
courses; not buying for faculty or students); 
Hardware Adoption (decision should be based on 
OS capability, congruence with IT systems, 
support availability, screen quality, type of 
connectivity, software availability, discounts); 
Software adoption. 
 
True tipping point in evolution of PDAs.. was 
evolution of ubiquitous wireless internet 
connectivity and consequent development of 
mobile browsers that enabled access of online 
databases of clinical logs, health records, EB 
guidelines and PRJ. 
 
Implementation is typically ‘back to the future‘  
i.e. takes traditional pedagogy and layers PDA on 
top... inherently reactive, assumes knowledge  
acquired formally and used statically... used to 
make old way more appealing and efficient  
instead of basis for transforming education and 
practice. 
 
Information retrieval should not be considered a 
static process in which (e.g.) a pharma database is 
downloaded and used as a fact-checking device 
when prescribing.  PDA technology should be 
used to transform practice at POC  to empower 
clinician [defined to include nurse] to pose a 
question, answer the question on the spot and 
share the results with the patient. 
 
Knowledge acquisition will be by means of data 
mining and knowledge use will take place when 
decisions need to be made. PDA technology will 
be a necessity to enable the clinician to be 
untethered.  Selectivity, evaluation and synthesis 
will be hallmarks... educators will capitalize on 
students social/collaborative networks to harness 
distributed intelligence  in pursuit of real- time 
EBP at point of decision 
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Focus/aim 
 
Limits 
 
Criteria 
 
Search 
 
Results/synthesis 
 
Policy conclusions 
 
Overview of 
recent 
developments 
and 
implementation
s of pervasive 
computing 
systems, 
highlighting 
experiences in 
deployment 
process, such as 
those 
concerning 
organisational 
and personnel 
issues, privacy 
security and 
financial issues 
 
[ Contains some 
useful 
classifications 
of type, setting, 
function etc. 
along with data 
on frequency] 
Dates 
 
2002-2006 
 
 
Languages 
 
English 
 
 
Settings 
 
All 
 
 
Study designs 
 
All 
 
 
 
Publication 
types 
PRJ 
Inclusion 
3 criteria for the 
system to be in: 
Ubiquitous 
in the sense of 
being not bound 
to one dedicated 
location; 
Have elements of 
'intelligence' in 
the sense of 
context awareness 
or 
decision support 
capabilities; 
Data processing 
or transmission 
without human 
intervention. 
Prototypes, tests, 
pilot and case 
studies in health 
care settings, or 
systems involving 
prospective 
users, trials, as 
well as systems in 
routine use 
Databases 
 
PubMed, 
Web of 
Science, 
IEEE Xplore 
and INSPEC 
(yield 98) 
Manual 
search of 46 
journals 
(yield 291). 
326 after 
eliminating 
duplicates; 
69 left after 
full reading 
 
 
 
 
 
 
 
 
 
'Anywhere and anytime' are becoming keywords 
– a development often associated with 'pervasive 
healthcare'. On the other hand, the social, 
economic and ethical concerns regarding the use 
of pervasive computing may detract from its 
acceptance and societal desirability, which is 
equally relevant to health care 
 
Issues of organization or personnel are described 
for only six systems... 
systems causing extra workload and mainly 
benefiting others are likely to be not used....the 
problem of  the missing definition of who is 
responsible for occasionally time consuming and 
complex systems support after 
deployment...Nurses raised concerns about the 
extra workload due to implementation of new 
systems, especially when no additional staff hired 
for systems maintenance... nursing staff voiced 
concerns about surveillance 
of their work patterns once system would be  used 
more widely 
 
No author provides a profound analysis of costs 
and benefits in economic terms. 
67 systems of which 30 single function, 19x2 
fs,14x3fs; 4x4fs 
 
... individual acceptance of privacy-related 
applications, for example, by a suffering patient 
or a dependent health care employee is expected 
to be much greater than the level of acceptability 
demanded  by society and its representatives in 
balanced decisions. [JD demurs] This is relevant, 
for instance, to determine the point where the 
benefits of monitoring are outweighed by threats 
to privacy protection. This point should be 
defined in a general manner by guidelines and 
policies and cannot be determined in case studies 
involving patients or employees.  
 
Limitations of LR: First, many 
developments/implementations have never have 
undergone scientific peer review and, therefore,  
not covered. Second, limited to the period of 
2002-6, does not incorporate recent 
developments... in particular, progress in  mobile 
computing technology is substantial, e.g. in 
location-based  services. 
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and Patient Care: A Systematic Review," Journal of the American Medical Informatics Association 16 (2009): 792-801. 
Focus/aim 
 
Limits 
 
Criteria 
 
Search 
 
Results/synthesis 
 
Policy conclusions 
 
To examine the 
evidence 
regarding the 
impact of 
mobile 
handheld 
technology on 
Hospital 
physicians‘ 
work practices 
and patient 
care, focusing 
on 
quantification 
of the espoused 
virtues of 
mobile 
technologies. 
Dates 
2000-2007 
Languages 
English 
Settings 
All 
Study designs 
Experimental, 
evaluative, 
observational 
studies but not 
qualitative, 
proof-of-
concept 
research, 
product 
descriptions, 
and usability 
studies, 
surveys of 
patient 
opinions, 
physician 
usage 
impressions 
regarding use. 
Pub types 
PRJ 
Inclusion 
Multiple search 
strategies to 
overcome 
problems 
associated with 
inadequate 
indexing and to 
ensure a more 
exhaustive scope. 
Our initial search 
used the 
Medical Subject 
Heading (MeSH) 
―computers, 
handheld‖ 
supplemented by 
keywords 
identified as 
synonymous.. In 
some databases, 
combined these 
keywords with the 
MeSH terms 
physicians, 
medical staff, or 
medicine. 
 
 
Databases 
 
The MeSH 
search 
yielded 2,292 
results. 
The keyword 
search 
yielded 360 
results 
The 
combined 
strategies 
identified 88 
full-text 
articles. Of 
the 88 
articles, 13 
met the 
criteria for 
inclusion 
 
Quality 
Not assessed 
 
 
 
The categories used included use of handheld 
devices to facilitate: rapid response by allowing 
physicians to identify patient needs, provide 
prompt intervention, and improve modes of 
communication; medication error prevention by 
providing physicians with point-of-care decision 
support with accessible reference information and 
by eliminating illegibility and decreasing 
transcription errors; and data management and 
accessibility by enabling physicians to access up-
to-date patient information in EMRs at POC, to 
assist with monitoring and documentation. 
Also assessed impact of handheld devices on 
hospital physicians‘ work practices in terms of 
changes in: who undertook an activity; what was 
done or what resources were used in the activity; 
when the activity happened; where the activity 
was performed; and how the activity was 
realized.  Derived from levels of activity 
(objectives), levels of action (results) and levels 
of operation (conditions) outlined by Bardram...   
 
... mobility defined  as ― the right configuration of 
people, resources, knowledge and place‖ - used 
as prism to examine and identify domains of 
physician work mobility (i.e., what is being done, 
when is it occurring, how is it being done and 
where is it happening). 
13  studies showed ability of PDAs to positively 
impact on areas of rapid response, error 
prevention, and data management and 
accessibility. Greatest benefits were where time is 
a critical factor and rapid response crucial. 
But many of benefits reported could also occur 
when desktops are available. And extent to which 
devices provide benefits due to mobility has been 
significantly under-investigated. 
Available evidence suggests that PDAs have 
some advantages over both paper and fixed 
computers in supporting physician hospital work 
practice in situations when: rapid information 
exchange is required and will influence patient 
care decisions; where physicians are undertaking 
highly mobile work which reduces their ability to 
spend periods in a fixed place where they can 
access electronic resources via fixed computers; 
and where data entry or access is required at the 
point of care and that the absence of this will 
reduce the efficiency or effectiveness of care 
delivery. We sought to include tablets but found 
no studies that met the review criteria, 
Framework is grounded in the reality of everyday 
clinical practice where people are involved in the 
constant pursuit of achieving the optimal mix of  
individuals, resources, and knowledge, at the 
desired time. 
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Focus/aim 
 
Limits 
 
Criteria 
 
Search Results/synthesis 
 
Policy conclusions 
 
Assess effects 
of nursing 
record systems 
on nursing 
practice and 
patient 
outcomes 
Dates 
To 
31.12.2007 
Languages 
English 
Settings 
Hospital; 
Community; 
Primary Care 
Study 
designs 
RCT, CCT 
OPXP/c 
ITS 
Publication 
types 
PRJ 
Inclusion 
Qualified nurses; 
students or 
healthcare 
assistants under 
direction of QN; 
Patients receiving 
care recorded or 
planned using a 
nursing record 
system 
Exclusion 
 
Insufficient 
information about 
method or results 
Databases 
Medline 
Embase 
Cinahl 
Web of 
Science 
 
Handsearch 
CIN 
JNA 
+citations 
Yield 
6390 
Reduced to 
193 at 
abstract 
38 retained; 
29 excluded 
=9 
Quality 
EPOC 
guidelines 
Studies that evaluated nursing 
record systems focusing on relatively discrete and 
focused problems, e.g. effective pain management 
in children, empowering pregnant women and 
parents, reducing loss of notes, reducing time 
spent on data entry of test results, reducing 
transcription errors, reducing the number of 
pieces of paper in a record, all demonstrated some 
degree of success in achieving the desired results. 
Studies of nursing care planning systems and total 
nurse records demonstrated uncertain or 
equivocal results. 
 
The use and effectiveness of nursing care 
planning as a nursing activity is brought into 
question by the 3 computerised care planning 
studies. 
There is still a need for research into the 
relationship between clinical practice and its 
understanding and written expression by nurses. It 
is clear from the literature that the full range of 
the functions of a clinical nursing record are not 
well understood...  
 
The challenge for nursing is to understand what  
characteristics of nursing practice are best served 
by which characteristics of 
record systems. Which kind of practice needs a 
structured record, which kind needs to allow 
mostly free text? What aspects of nursing care 
need to be recorded and shared electronically, and 
which aspects of care are best served by a paper 
or voice format? Indeed, what aspects of nursing 
care need 
to be recorded at all? 
 
But the key question is - how will an effective 
nursing record be recognised? This is a 
fundamental question which cannot be answered 
until the purposes of record keeping have been 
fully articulated. The review shows that this has 
yet to take place. 
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Focus/aim 
 
Limits 
 
Criteria 
 
Search 
 
Results/synthesis 
 
Policy conclusions 
 
Effects of 
handheld 
electronic 
medical records 
on clinical care 
Dates 
 
1966  to 
9.2005 
 
 
Languages 
 
English 
 
 
Settings 
 
Any 
 
 
Study designs 
 
RCT only 
 
 
 
Publication 
types 
P-R article 
Inclusion 
Intervention group  
used a handheld 
EMR for patient 
care and control 
group either a 
desktop EMR or 
paper chart. 
Users to be 
clinicians 
(=doctors). 
Outcomes to be 
relevant to clinical 
care e.g. decrease 
errors, improved 
information 
review, improved 
ordering of 
medications or 
tests, improved 
documentation, 
improved 
satisfaction. 
Exclusion 
Unable to extract 
relevant data 
Databases 
 
MEDLINE, 
EMBASE, 
CINAHL 
Cochrane  
 
Yield 
1773 
Reduced to 
31 after 
abstract 
review 
29 excluded 
on full 
review 
(22/29 not 
RCT) =2 
 
Quality 
Assessed on 
four 
specified 
factors 
 
We identified 2 randomized trials that tested two 
different handheld mobile electronic medical 
records and both 
found improved documentation with use of 
handheld computers. In the study that measured 
documentation time, the group using PDAs took 
longer to document. In the study looking at 
number of diagnoses, the group using PDAs 
documented more correct diagnoses, but also 
recorded more redundant or false diagnoses. 
 
Handheld electronic medical records may 
improve documentation, but as yet, the number of 
studies is small and the data is restricted to one 
group of patients and a small group of 
Practitioners  (in Orthopaedics) who may be 
different from  e.g. emergency patients 
 
Further study is required to determine the benefits 
with handheld electronic medical records 
especially in assessing clinical outcomes 
 
 
27 
APPENDIX 7 EMPIRICAL STUDIES REERENCES 
 
1. Alegent, H. "Improving care delivery and nursing workflow: A clinician usability study of the Motion C5 Mobile Clinical 
Assistant," White Paper (2007). 
2. Andersen, P., Lindgaard, A.-M., Prgomet, M., Creswick, N., and Westbrook, J. I. "Mobile and fixed computer use by doctors 
and nurses on hospital wards: multi-method study on the relationships between clinician role, clinical task, and device choice," 
J Med Internet Res 11 (2009): e32. 
3. Bauldoff, G. S., Kirkpatrick, B., Sheets, D. J., Mays, B., and Curran, C. R. "Implementation of handheld devices," Nurse 
Educator 33 (2008): 244-8. 
4. Berglund, M., Nilsson, C., Revay, P., Petersson, G., and Nilsson, G. "Nurses' and nurse students' demands of functions and 
usability in a PDA," International Journal of Medical Informatics 76 (2007): 530-7. 
5. Bogossian, F. E., Kellett, S. E. M., and Mason, B. "The use of tablet PCs to access an electronic portfolio in the clinical 
setting: A pilot study using undergraduate nursing students," Nurse Education Today 29 (2009): 246-253. 
6. Brock, T. P., and Smith, S. R. "Using digital videos displayed on personal digital assistants (PDAs) to enhance patient 
education in clinical settings," International Journal of Medical Informatics 76 (2007): 829-835. 
7. Brubaker, C. L., Ruthman, J., and Walloch, J. A. "The Usefulness of Personal Digital Assistants (PDAs) to Nursing Students in 
the Clinical Setting: A Pilot Study," Nursing Education Perspectives 30 (2009): 390-292. 
8. Carlton, K. H., Dillard, N., Campbell, B. R., and Baker, N. A. "Personal digital assistants for classroom and clinical use," CIN: 
Computers, Informatics, Nursing 25 (2007): 253-8. 
9. Chen, S., Coffey, S., Peisachovich, E., Pitt, G., Harnanansingh, D., Chen, W., Falk-Rafael, A., Reid, M., Smith, J., Beagrie, L., 
and Kushniruk, A. "Implementing best practice guidelines onto personal digital assistants: Preliminary results and lessons 
learned," Journal on Information Technology in Healthcare 6 (2008): 33-41. 
10. Chien, T.-W., Wu, H.-M., Wang, W.-C., Castillo, R. V., and Chou, W. "Reduction in patient burdens with graphical 
computerized adaptive testing on the ADL scale: tool development and simulation," Health and Quality of Life Outcomes 
2009, 7:39 7 (2009): 1-6. 
11. Coopmans, V. C., and Biddle, C. "CRNA performance using a handheld, computerized, decision-making aid during critical 
events in a simulated environment: a methodologic inquiry," AANA Journal 76 (2008): 29-35. 
12. Di Pietro, T., Coburn, G., Dharamshi, N., Doran, D., Mylopoulos, J., Kushniruk, A., Nagle, L., Sidani, S., Tourangeau, A., 
Laurie-Shaw, B., Lefebre, N., Reid-Haughian, C., Carryer, J., and McArthur, G. "What nurses want: diffusion of an 
innovation," Journal of Nursing Care Quality 23 (2008): 140-6. 
28 
13. Dollarhide, A., Rutledge, T., Weinger, M. B., and Dresselhaus, T. "Use of a handheld computer application for voluntary 
medication event reporting by inpatient nurses and physicians," Journal of General Internal Medicine 23 (2007): 418-422. 
14. Doran, D. M., Haynes, R. B., Kushniruk, A., Straus, S., Grimshaw, J., Hall, L. M., Dubrowski, A., Di Pietro, T., Newman, K., 
Almost, J., Nguyen, H., Carryer, J., and Jedras, D. "Supporting Evidence-Based Practice for Nurses through Information 
Technologies," Worldviews on Evidence-Based Nursing 7 (2010): 4-15. 
15. Doran, D. M., Mylopoulos, J., Kushniruk, A., Nagle, L., Laurie-Shaw, B., Sidani, S., Tourangeau, A. E., Lefebre, N., Reid-
Haughian, C., Carryer, J. R., Cranley, L. A., and McArthur, G. "Evidence in the palm of your hand: development of an 
outcomes-focused knowledge translation intervention," Worldviews on Evidence-Based Nursing 4 (2007): 69-77. 
16. Dykes, P. C., Carroll, D. L., Benoit, A., Coakley, A., Chang, F., Empoliti, J., Gallagher, J., Lasala, C., O'Malley, R., Rath, G., 
Silva, J., and Li, Q. "A randomized trial of standardized nursing patient assessment using wireless devices," AMIA Annual 
Symposium Proceedings/AMIA Symposium. (2007): 206-10. 
17. Farrell, M. J., and Rose, L. "Use of mobile handheld computers in clinical nursing education," Journal of Nursing Education 
47 (2008): 13-9. 
18. Faulk, J. F., and Savitz, L. A. "Intensive care nurses' interest in clinical personal digital assistants," Critical Care Nurse 29 
(2009): 58-64. 
19. Garrett, B., and Klein, G. "Value of wireless personal digital assistants for practice: perceptions of advanced practice nurses," 
Journal of Clinical Nursing 17 (2008): 2146-54. 
20. Garrett, B. M., and Jackson, C. "A mobile clinical e-portfolio for nursing and medical students, using wireless personal digital 
assistants (PDAs)," Nurse Education Today 26 (2006): 647-54. 
21. Goldsworthy, S., Lawrence, N., and Goodman, W. "The use of personal digital assistants at the point of care in an 
undergraduate nursing program," CIN: Computers, Informatics, Nursing 24 (2006): 138-43. 
22. Greenfield, S. "Medication error reduction and the use of PDA technology," Journal of Nursing Education 46 (2007): 127-31. 
23. Hardwick, M. E., Pulido, P. A., and Adelson, W. S. "The use of handheld technology in nursing research and practice," 
Orthopaedic Nursing 26 (2007): 251-5. 
24. Junglas, I., Abraham, C., and Ives, B. "Mobile technology at the frontlines of patient care: Understanding fit and human drives 
in utilization decisions and performance," Decision Support Systems 46 (2009): 634-647. 
25. Junglas, I., Abraham, C., and Watson, R. T. "Task-technology fit for mobile locatable information systems," Decision Support 
Systems 45 (2008): 1046-1057. 
26. Koeniger-Donohue, R. "Handheld computers in nursing education: a PDA pilot project," Journal of Nursing Education 47 
(2008): 74-77. 
29 
27. Kuiper, R. "Use of personal digital assistants to support clinical reasoning in undergraduate baccalaureate nursing students," 
CIN: Computers, Informatics, Nursing 26 (2008): 90-98. 
28. Kuiper, R. "Metacognitive Factors that Impact Student Nurse Use of Point of Care Technology in Clinical Settings," 
International Journal of Nursing Education Scholarship 7 (2010): 1-15. 
29. Lee, T. "Nursing administrators' experiences in managing PDA use for inpatient units," CIN: Computers, Informatics, Nursing 
24 (2006): 280-287. 
30. Lee, T.-T. "Patients' perceptions of nurses' bedside use of PDAs," CIN: Computers, Informatics, Nursing 25 (2007): 106-11. 
31. McGee-Lennon, M. R., Carberry, M., and Gray, P. D. "HECTOR: A PDA Based Clinical Handover System [full version of 
Carberry and McGee-Lennon 2007]," NursingTimes 103 (2007). 
32. Mihailidis, A., Krones, L., and Boger, J. "Assistive computing devices: a pilot study to explore nurses' preferences and needs," 
CIN: Computers, Informatics, Nursing 24 (2006): 328-36. 
33. Mohammed, M., Hayton, R., Clements, G., Smith, G., and Prytherch, D. "Improving accuracy and efficiency of early warning 
scores in acute care," British Journal of Nursing 18 (2009): 18-24. 
34. Momtahan, K. L., Burns, C. M., Sherrard, H., Mesana, T., and Labinaz, M. "Using personal digital assistants and patient care 
algorithms to improve access to cardiac care best practices," Studies in Health Technology & Informatics 129 (2007): 117-21. 
35. Newman, K., and Howse, E. "The impact of a PDA-assisted documentation tutorial on student nurses' attitudes," CIN: 
Computers, Informatics, Nursing 25 (2007): 76-83. 
36. O'Connor, C., Friedrich, J. O., Scales, D. C., and Adhikari, N. K. "The use of wireless e-mail to improve healthcare team 
communication," Journal of the American Medical Informatics Association 16 (2009): 705-13. 
37. Park, Y., and Chen, J. V. "Acceptance and adoption of the innovative use of smartphone," Industrial Management &#38; Data 
Systems 107 (2007): 1349-1365. 
38. Pattillo, R. E., Brewer, M., and Smith, C. M. "Tracking clinical use of personal digital assistant reference resources," Nurse 
Educator 32 (2007): 39-42. 
39. Polen, H. H., Clauson, K. A., Thomson, W., Zapantis, A., and Lou, J. Q. "Evaluation of nursing-specific drug information 
PDA databases used as clinical decision support tools," International Journal of Medical Informatics 78 (2009): 679-687. 
40. Rivera, M. L., Donnelly, J., Parry, B. A., Dinizio, A., Johnson, C. L., Kline, J. A., and Kabrhel, C. "Prospective, randomized 
evaluation of a personal digital assistant-based research tool in the emergency department," Bmc Medical Informatics and 
Decision Making 8 (2008). 
41. Rodriguez, N. J., Borges, J. A., Crespo, G., Perez, C., Martinez, C., Colon-Rivera, C. R., and Ardin, A. "Users can do better 
with PDAs than paper: a usability study of PDA-based vs. paper-based nursing documentation systems," Universal Access in 
30 
Human-Computer Interaction. Applications and Services. 5th International Conference, UAHCI 2009. Held as Part of HCI 
International 2009, 19-24 July 2009. Berlin, Germany: Springer Verlag, 2009. 
42. Sallas, B., Lane, S., Mathews, R., Watkins, T., and Wiley-Patton, S. "An iterative assessment approach to improve technology 
adoption and implementation decisions by healthcare managers," Information Systems Management 24 (2007): 43-57. 
43. Scollin, P., Healey-Walsh, J., Kafel, K., Mehta, A., and Callahan, J. "Evaluating students' attitudes to using PDAs in nursing 
clinicals at two schools," CIN: Computers, Informatics, Nursing 25 (2007): 228-235. 
44. Somoza, K. C., Momtahan, K., and Lindgaard, G. "Effects of a computerized cardiac teletriage decision support system on 
nurse performance: results of a controlled human factors experiment using a mid-fidelity prototype," Studies in Health 
Technology & Informatics 129 (2007): 97-101. 
45. Stroud, S. D., Smith, C. A., and Erkel, E. A. "Personal digital assistant use by nurse practitioners: a descriptive study," Journal 
of the American Academy of Nurse Practitioners 21 (2009): 31-8. 
46. Tassani, S., Baruffaldi, F., Testi, D., Cacciari, C., Accarisi, S., and Viceconti, M. "Personal Digital Assistant in an orthopaedic 
wireless ward: the HandHealth project," Computer Methods & Programs in Biomedicine 86 (2007): 21-9. 
47. Vandenkerkhof, E. G., Hall, S., Wilson, R., Gay, A., and Duhn, L. "Evaluation of an Innovative Communication Technology 
in an Acute Care Setting," Cin-Computers Informatics Nursing 27 (2009): 254-262. 
48. Williams, M. G., and Dittmer, A. "Textbooks on tap: using electronic books housed in handheld devices in nursing clinical 
courses," Nursing Education Perspectives 30 (2009): 220-5. 
49. Wu, C.-C., and Lai, C.-Y. "Wireless handhelds to support Clinical Nursing Practicum," Educational Technology and Society 
12 (2009): 190-204. 
50. Wu, Q. F., Liu, H., and Dong, H. L. "Development and Application of Mobile Nursing Information System Based on PDAs," 
2008 International Seminar on Future Information Technology and Management Engineering, Proceedings (2008): 564-567. 
51. Yi, M. Y., Jackson, J. D., Park, J. S., and Probst, J. C. "Understanding information technology acceptance by individual 
professionals: Toward an integrative view," Information & Management 43 (2006): 350-363. 
52. Yu, F., and Houston, T. K. "Do "most wired" hospitals deliver better care?," Jt Comm J Qual Patient Saf 33 (2007): 136-44. 
53. Zhang, H., Cocosila, M., and Archer, N. "Factors of Adoption of Mobile Information Technology by Homecare Nurses: A 
Technology Acceptance Model 2 Approach," Computers Informatics Nursing 28 (2010): 49-56 
10.1097/NCN.0b013e3181c0474a. 
 
 
 
APPENDIX 7 EMPIRICAL STUDIES TABLE 
31 
Alegent, H. "Improving care delivery and nursing workflow: A clinician usability study of the Motion C5 Mobile Clinical Assistant," 
White Paper (2007). 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
The major 
objectives for the 
study were to: 
Improve care 
delivery; 
Enhance clinician 
(nurse) 
productivity and 
workflow; 
Increase clinician 
satisfaction; 
Reduce delays in 
information 
availability within 
the EMR  
When comparing 
Motion C5 with 
COWs  currrently 
in use 
 
 
The study was conducted 
at Alegent Health‘s 
Lakeside Hospital in West 
Omaha.in a  general 
medical-surgical unit  
 
Pre-post : baseline 
measures for time and 
motion data were 
captured. This included 
frequency and time 
required per login; time 
required to complete 
discrete tasks, including 
the collection of nursing 
assessment data and time 
documenting.  
Additional baseline 
measures of clinician 
satisfaction were 
measured using a Likert 
scale  
 
Each participating nurse 
received a Motion C5 
MCA for his or her 
complete shift 
 
‘Multi week pilot‘ 
C5 has sure-
grip handle, 
sealed case for 
easy dis-
infecting, 
lightweight for 
portability, 
10‖ screen for 
viewing with 
minimal scroll, 
rugged build 
min impact of 
dropping, pen 
and stylus 
input so 
clinicians can 
enter text and 
navigate w/o 
being tied to a 
keyboard; bar-
code and 
RFID readers 
for patient ID 
and/or  e-med 
administrationi
ntegrated 
camera; Wi-Fi 
and Bluetooth. 
Data Latency 
Time lapse between data collection and 
data recording into the EMR averaged one 
hour and 37 minutes when using the COWs 
and just 17 minutes when using the Motion 
C5 For RN-acquired vital signs, data 
latency averaged two hours and 48 minutes, 
compared to less than one minute when 
using the Motion C5 for point of care 
documentation 
Medication Administration 
15 ―near misses‖ out of a total of 1853 
doses, indicated that the mobile devices 
were an effective tool with the medication 
administration management app. 
Data Transciption erors 
No data provided 
Nurse satisfaction 
62% increase in overall satisfaction with 
the new C5 and mobile workflow process, 
Pre-post ratings out of 9: 
Overall mobility 8/4  
Work Pace 7.5/3.2 
Move in constrained areas 7.8/2.8 
Ease of data entry 8/6.8 
Ergonomics of data entry 7.8/4.4 
Ease of data access 8.4/4 
Enhanced patient interaction 8/3.3 
Changed the nurses‘ relationship with technology in 
important ways... lightweight, portable device was 
theirs to use for the entire shift... gained unimpeded 
access to patient information, no longer had to contend 
with other clinicians for access to a device... could 
document and access information when and where their 
workflow called for it.. could .remain logged in Instead 
of having to log in each time they approached a device, 
each nurse reduced his or her need to log in from the 
previous 12 to 24 times per shift to just 2-4 times... 
nurses believed  the units helped create credibility with 
patients.  
Cost savings 
Figure 6 [NOT THERE!] Extrapolated over a 3 year 
useful life, the Motion C5  found to provide substantial 
savings compared to COWs 
Motion C5 enabled nurses to increase documentation at 
the point of care and to reduce task duplications. Nurses 
were able to enter data more easily and faster, which 
improved the accuracy of clinical documentation 
available to other caregivers. In addition, nurses 
expressed increased satisfaction, were more productive, 
and spent more time with patients. 
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Aim 
Participants/ 
Setting/Methods 
Inter Outcomes/Findings Summary/ 
Reported impacts 
To investigate the 
relationships 
between clinician 
role, clinical task, 
and selection of a 
computer 
hardware device 
in hospital wards. 
Our aim was to 
answer two 
central questions: 
(1) which device 
is used by whom, 
where, for which 
clinical task, and 
in collaboration 
with whom? and 
(2) what impact 
does the design of 
the device have 
on its use on 
hospital wards? 
27 nurses /8 doctors 
observed for 80 hours as 
they used a range of 
computing devices to 
access a CPOE system. 
Clinical tasks completed, 
devices used, and location 
of the activities. recorded. 
Semi-structured  interviews 
with 10  nurses/2 docs 
afterwards. Assessment of 
the physical attributes of 
three devices—stationary 
PCs, computers on wheels 
(COWs) and tablet PCs—
was made. 
Two types of COWs were 
available on the wards: 
generic COWs (laptops 
mounted on trolleys) and 
ergonomic COWs (an 
integrated computer and 
cart device).  
Heuristic evaluation of the 
user interfaces was also 
carried out on basis of 10 
recognized usability 
principles (Nielsen) 
 Nurses undertook 93.1% of observed tasks 
using the generic COWs. All but one of 
the 27 observed nurses used a generic 
COW during the study period. Ten nurses 
also used a stationary PC, four nurses used 
an ergonomic COW, and one nurse used a 
tablet PC during the study period.  The 
generic COWs, ergonomic COW, and the 
tablet PCs were most frequently used by 
nurses in the patients‘ rooms (56.7%) and 
in the corridors (35.8%), mostly to 
administer and prepare drugs. If a generic 
COW and the ergonomic COW were 
available and placed next to each other, 
nurses often  chose the generic COW. 
When nurses used the stationary PCs, they 
primarily used the ones at the 
workstations, followed by those located in 
the corridors, to witness and prepare drugs. 
Less than 2% of nurses‘ tasks were 
undertaken using stationary PCs. 
All nurses preferred  a generic COW over 
a tablet PC when giving medication, and 3 
said they had never used a tablet PC. 7 said  
one of main reasons for using generic 
COW as opposed to tablet or stationary PC 
was design of trolley, which had space for 
the storage of medication, paper charts 
and/or other equipment. 
Difficulties with the tablet stylus, made task completion 
slow. Other limitations included small screen size and 
that it was awkward to carry the tablet PCs while 
walking. Nurses reported a lack of  places to set tablet 
down while providing direct patient care as limitation 
 
Despite the availability of two tablet PCs on both wards 
they were substantially underused. Interviews revealed 
that lack of training in use of tablet PCs, may be a reason 
for nurses‘ reluctance to use them more. 
 
The nurses indicated that they preferred the generic 
COW due to its availability, mobility, and design. When 
not in use the generic COWs were placed along the 
corridor and were easily accessible to the nurses.  
 
Choice of device was related to clinical role, nature of 
the clinical task, degree of mobility required, including 
where task completion occurs, and device design. 
Nurses‘ work... requires highly mobile computer devices. 
Nurses and doctors on ward rounds showed a strong 
preference for generic COWs over all other devices. 
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Bauldoff, G. S., Kirkpatrick, B., Sheets, D. J., Mays, B., and Curran, C. R. "Implementation of handheld devices," Nurse Educator 33 
(2008): 244-8 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Describe 
implementation 
process used to 
integrate PDAs 
into OSU CN 
undergraduate 
nursing  
curriculum, 
including 
discussion of 
barriers such as 
potential device 
loss, issues 
related to patient 
confidentiality 
and infection 
control. 
Implementation began in 
2005, Ohio State Uni 
College of Nursing 
underwriting cost for 
faculty devices and 
software.  Extensive  
training provided. PDAs 
requirement for all  
nursing majors, software 
being under-written for 2 
yrs. 
(No texts required.) 
Wireless access. 
 
Year 1 Sophomores 
General intro to PDAs plus 
use in class and clinical 
practice (worksheets, etc.) 
Year 2 Juniors: PDAs used 
in all clinical experiences  
including ‗beaming‘ of 
‗just-in-time‘ info re 
disease processes, 
medications and IV 
infusions . Individualized 
introduction to PDA use. 
Year 3 Seniors 
Full use in all clinical care 
(as RN) in various settings 
incl specialised units. 
 
Any Pocket 
PC (or Palm) 
meeting specs; 
Software: 
college-
provided 
Unbound 
Medicine, 
free 
Archimedes 
calculator, 
Epocrates, 
Mobile Merck, 
etc 
Year 1: 93% (47) comments positive, 
focusing on expected benefits and 
suggestions re improvements in software 
and in ‗faculty orientation‘ [code for 
faculty not being up-to-speed] 
 
Year 2: Overwhelmingly positive 
comments as students began to integrate 
all the care needs and info related to 
patient assignments (immediacy of access 
stressed) 
 
Year 3: Students have fully incorporated 
PDA into their practice ... and begun to 
model PDA use at POC to staff nurses who 
do not have devices. 
Report great relief from rote memorisation 
of medication, lab and diagnostic reference 
info and guidelines. 
 
Barriers: Initial unfamiliarity concerns 
quickly overcome 
Other concerns related to size, expense, 
privacy issues and potential for 
transmission of pathogens  [Not all 
students‘ responsibilities] 
Year by year stepwise progression of PDA instructions 
and expectations across the curriculum allows students to 
develop skills in PDA use as complexity of education 
increases. Development of both faculty and students 
familiarity an integral part of successful implementation. 
Clear and effective IT support essential. 
 
Students with PDAs report being more confident in their 
knowledge base with access to current info that is 
portable, reliable and can be unit-  and patient-specific. 
Students quickly adapt to the use of the PDA technology 
with the device becoming as integral as the stethoscope. 
 
Students are more cognizant of EBP recommendations.... 
nurses beginning to rely on students for clinical reference 
information.  Preceptor report student –held PDAs 
provided both nurses and students with more time for 
patient care. 
 
Expansion from medical-surgical  into pediatric, 
obstetrical, psychiatric and community nursing courses 
underway. Refinement and device evaluation on-going 
Including. other platforms such as smart phones and 
blackberry type devices. 
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Berglund, M., Nilsson, C., Revay, P., Petersson, G., and Nilsson, G. "Nurses' and nurse students' demands of functions and usability in 
a PDA," International Journal of Medical Informatics 76 (2007): 530-7.. 
Aim Participants/Setting/
Methods 
Inter Key Outcomes/ 
Findings 
Summary/ 
Reported impacts 
 
Describe nurses‘ 
and nurse 
students‘ 
demands of 
functions and 
usability in a 
PDA 
# 
Interviews with 12 nurses, 
3 (25%) men 
and 9 (75%) women (mean 
age 36.8 years, range 26–
53) at County Hospital of 
Kalmar. All had worked at 
least one year at the 
Hospital but had different 
backgrounds and 
education. 
Questionnaire  to nurse 
students (n = 112) 
in their last, i.e. third, year 
at the Department of 
Health and 
Behavioural Sciences, 
University of Kalmar 
The response rate 
was 75% with 84 students, 
18 (21%) men and 66 
(79%) women (mean age 
30.2, range 21–50). 
 
Not relevant 
Nurses wanted on PDA: 
 
Information about the patients.  
e.g. an EHCR, a schedule displaying the 
patients‘ stay in the hospital and test 
results... an easy tool to describe where a 
patient is located and their needs during 
his/her visit and quickly answer patient‘s 
and relatives‘ questions about location, test 
results, and patient‘s medical record. 
Knowledge database including reference 
books, dictionaries, practical handbooks 
and internal memos (guidelines, protocols, 
procedures including video instructions).  
Functions for daily work  
e.g. Overview of pharmaceutical 
and disability aids and the number in stock 
at the hospital, without entering the 
pharmacy room or disability aid storeroom 
e.g. Communication throughout hospital 
e.g. Alarm/alert system 
 
Nurses had high expectations of a PDA as a tool for 
information retrieval for different tasks in their daily 
work. They wanted information about the patients, a 
knowledge database and functions for daily work. They 
demanded adoption, acceptance and user friendliness 
 
The PDA must be easy to use and to understand so users 
will find it more useful and efficient in performing their 
work than not using it. 
 
Must be equipped with a fully developed IT-system that 
is standardized for the entire hospital or at least the 
ward...PDA should be specific  for every single ward but 
be able to get information from the entire hospital. 
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Bogossian, F. E., Kellett, S. E. M., and Mason, B. "The use of tablet PCs to access an electronic portfolio in the clinical setting: A 
pilot study using undergraduate nursing students," Nurse Education Today 29 (2009): 246-253. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ Reported impacts 
To determine the 
effectiveness 
of  using a tablet 
personal computer 
(PC) with 
wireless 
broadband access 
in overcoming 
issues around 
computer access 
in the clinical 
setting, thereby 
enhancing 
authenticity and 
timeliness of 
assessment via a  
digitalised clinical 
portfolio (since 
2006 this has been 
requirement in the 
undergraduate 
nursing program 
of the University 
of Queensland, 
School of Nursing 
and Midwifery).  
 In July 2007, a Hewlett–
Packard TC 4400 tablet PC 
was issued to three 
participating students. 
Wireless broadband access 
was not available in the 
hospitals where 
participants were 
located and was 
established via an i-burst 
USB network card because 
the tablet PCs lacked a 
PCMCIA card slot. 
 
At the end of the final 
semester, data were 
collected via a focus group 
utilising a semi-structured 
Interview. A  35 item 
survey addressed 
characteristics and use of 
the tablet PC 
in relation to the electronic 
portfolio requirement. 
 Participants used tablet PCs to access their 
portfolios. However, lack of 
space, busy wards and concerns about the 
security of the PCs limited their use in the 
clinical setting. The majority of their 
journal entries were made at home and 
within similar time frames to those prior to 
access to tablet PCs. Participants also used 
the PCs to provide education to other 
students and staff but were reluctant to use 
them in front of patients... This stemmed 
from: issues relating to security and a 
perceived lack of competence in using 
devices. 
All participants preferred using the tablet 
PC in the notebook-mode with the slate-
mode only being used twenty percent of 
the time: 
Portability of the device was not viewed 
favourably: ‗‗. . .it was not something I 
could carry with me at all times. . .I tended 
to set (the tablet PC) up at a central point 
and keep coming back to it‘‘ (P2) and ‗‗. . 
.I did not use the PC at the bedside or 
anywhere but the nurses‘ station as it was 
inconvenient to carry with me and there 
was no space to put it down‘‘ P1) 
Participants used their tablet PCs for purposes other than 
portfolio completion while in the clinical 
setting. All reported using it to source practice- related 
information, communicate with other students and 
faculty staff without institution-imposed internet 
restrictions and educate staff or other students.  
Some older nurses openly dis-approved of the tablet PC, 
viewing  use by nursing students as ‗excessive‘.  But 
nursing staff generally supported its use in workplace. 
 
Recruitment bias: highest grades (N=3) and very 
proficient IT users. 
 
The 3 final year students were enthusiastic about the 
device‘s potential. However, they found them 
inconvenient to use while on clinical placement. Lack of 
space, the busy nature of the wards and concerns related 
to the security of the devices were identified as 
limitations to effective use... ‗busyness‘ of the clinical 
environment is not as easily addressed as technical 
problems.  
Making the majority of their entries remote from the 
clinical setting may have influenced the belief of 2 of the 
3 nurses that access to the portfolio via tablet PC did not 
promote integration of theory and practice.. 
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Brock, T. P., and Smith, S. R. "Using digital videos displayed on personal digital assistants (PDAs) to enhance patient education in 
clinical settings," International Journal of Medical Informatics 76 (2007): 829-835. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To evaluate the 
effects of using 
an audiovisual 
animation (i.e., 
digital video) 
displayed 
on a personal 
digital assistant 
(PDA) for patient 
education in a 
clinical setting. 
Quasi-experimental study 
in an outpatient infectious 
diseases clinic at an 
academic medical center. 
intervention. 
Fifty-one English-speaking 
adults (77% black) who 
were initiating or taking 
medications for 
the treatment of 
HIV/AIDS responded to 
questions immediately 
before, immediately after, 
and 4–6 weeks after 
watching a digital video on 
a PDA. 
Questionnaire to 
assess self-reported 
adherence and retention. 
 Outcomes included 
knowledge of disease, 
medications, adherence 
behaviors; attitudes toward  
video and PDA; self-
reported adherence; and 
practicality of intervention. 
Pocket PC 
selected to 
deliver the 
video had 
touch-
sensitive 
display and 
vertical 
orientation of 
3.5 inches 
 
 
At visit one, statistically significant 
improvements in knowledge of disease (p 
< 0.005; paired t-test), knowledge of 
medications  (p < 0.005; paired t-test), and 
knowledge of adherence behaviors (p < 
0.05; ANOVA) after participants watched 
the PDA-based video. At visit two (4–6 
weeks later), statistically significant 
improvements in self-reported adherence 
to the medication regimens (p < 0.005; 
paired t-test).Video process estimated to 
take 25 min of participant time. (51 min. to 
implement). Literacy: 55% had reading 
ability <8th grade (REALM). 60% had 
finished high school. 
Participants liked PDA-based video and 
indicated it was an appropriate medium for 
learning, regardless of their baseline 
literacy skills. 96% strongly agreed or 
agreed with an overall rating of 
―excellent.‖. 94% indicated they liked 
using a handheld computer to watch the 
video and that listening to the video made 
information easier to remember. 
Questioned about attributes of video (e.g., 
speed, pace, and interest) responses were 
consistently positive. 
Significant increase in self-reported 
adherence to  medication (p < 0.005). 
Technology-assisted education using a digital video 
delivered via PDA is a convenient  and potentially 
powerful way to deliver health messages.  
PDA-based videos are an acceptable approach for 
teaching patients about health care. First, participants  
iked the PDA-based video and felt that it was an 
appropriate medium for learning, regardless of their 
literacy skills. 
Second, knowledge of disease, knowledge of 
medications, and knowledge of adherence behaviors 
were all improved after watching 
the video. Third, self-efficacy to adhere to HIV 
medication regimens was high following the video and at 
the follow-up visit, self-reported adherence to the HIV 
medication regimen was improved. Finally, the 
intervention could be implemented efficiently with 
patients of a variety of ages, educational levels, and 
backgrounds in a range of locations within the clinical 
environment. And patients´ relatives were using idle 
waiting times better.  
 
 
Growing options for displaying digital videos through 
handheld devices (e.g., mobile telephones, MP3 players) 
increases availability of a variety of cost-effective, multi-
platform tools for improving patient communication.. 
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Brubaker, C. L., Ruthman, J., and Walloch, J. A. "The Usefulness of Personal Digital Assistants (PDAs) to Nursing Students in the 
Clinical Setting: A Pilot Study," Nursing Education Perspectives 30 (2009): 390-292. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comparato
r 
Outcomes/Findings Summary/ 
Reported impacts 
Answer four 
questions: 
1. How does 
availability of 
PDA influence 
information-
seeking behaviors 
of  students in 
clinical setting? 
2. Which PDA 
references/applic
ations do students 
find 
most useful? 
3. and which find  
non-essential? 
4. What 
challenges arise 
when using PDAs 
in the clinical 
setting? 
Convenience sample 
consisted of 7 senior 
nursing students enrolled 
in a semester-long clinical 
rotation on a 
cardiothoracic 
unit of a large mid-western 
hospital. . 
A qualitative, descriptive 
design was used to pursue 
the study questions. Each 
student received a PDA, 
with the reference software 
installed, along with 
classroom instruction. 
Students were invited to 
use the PDAs over the 
course of the 
semester. Data were 
collected from weekly 
clinical logs in which the 
students noted  how they 
had used the PDA. 
At the end of the 
semester, students 
provided a written 
summary addressing the 
research questions. 
N.a. Four themes emerged in response to  
question 1:  PDAs provided greater 
convenience, better  time management,  a 
better bridge to nursing theory, and more 
up-to-date information. 
 
Three references and one palm application 
were identified as the most useful 
references/applications for the clinical 
setting: nursing drug reference, diagnostic 
and laboratory 
test reference, nursing diagnosis handbook, 
and notepad 
 
Two references were identified by students 
as being nonessential in the clinical 
setting: Nursing PDQ (guidance 
procedure, calculator, vital signs, patient 
teaching, conversion) and ER/ICU 
reference. 
 
Two themes emerged in response to this 
question about challenges: comfort level 
and technology glitches 
While students identified having to overcome initial 
discomfort and minor technological glitches, their 
responses support that PDAs are convenient, current, 
faster to use than traditional reference sources, and 
provide a bridge between theoretical learning and 
practice. 
 
These findings serve to inform nurse educators of 
potential benefits and challenges as they consider the use 
of PDAs in undergraduate nursing education. 
 
The glitches experienced by the students in this study 
were minor and did not affect the usability of the PDAs. 
However, technological support would be extremely 
important for managing the problems that are likely to 
arise with universal use among students 
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Carlton, K. H., Dillard, N., Campbell, B. R., and Baker, N. A. "Personal digital assistants for classroom and clinical use," CIN: 
Computers, Informatics, Nursing 25 (2007): 253-8. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
 
Provide an 
account of the 
development and 
implementation 
of PDA  program 
at Ball State 
School of 
Nursing,  BSU, 
Indiana , 
including pilot 
evaluations and 
first post-
implementation 
evaluation 
Summer 06 pilot 
Two groups (5 and 9 
students) met 2-3 hours 
weekly for 4 weeks in 
faculty facilitated sessions 
 
Activities included PDA 
overview, use of 
the nursing references with 
case studies across clinical 
content areas, directed 
learning activities, use of 
the 
NuSoft custom mobile 
interface, use of Tech 
Clips, and 
use of the library mobile 
interface. Each faculty 
facilitated 
session ended with 
debriefing and focus group 
discussion. 
After piloting PDAs made 
mandatory for all 
sophomore year students: 
evaluated  by survey at end 
of first semester. 
 
Current PDA 
model 
required is HP 
iPAQ 2790 
with Windows 
5.0 OS 
 
Variety of 
custom 
software 
plus Skyscape 
 
 
Summer 06 piloting (no response rates): 
Students most liked convenience of instant 
access to medical information and the 
portability provided by the devices. 
Limited battery life was consistently at top 
of dislike list. The first day of class, the 
students received an orientation on how to 
use the PDA hardware and software 
from the School of Nursing IT staff. The 
orientation consisted of four 45-minute 
sessions, each accommodating 
approximately 20 students. 
Post implementation (first semester) 
survey (no response rates): 
73% felt that PDA with clinical decision 
support tools increased their classroom and 
clinical productivity. Of these, 60% felt 
that latter rose by 50% or more. 
85% of students said they saw an 
educational advantage from having a PDA 
with CDS tools over students without one. 
Greatest benefits reported were portability 
of information and time savings. Most 
reported that they used the PDA from 1 to 
5 times per day, primarily to look up 
information during class or in clinical 
settings. Over 95% said that would likely 
continue PDA use after graduation. 
 
Faculty found the PDAs very helpful in engaging 
students. Equipped with wireless access and an 
assessment tool developed in-house, these devices 
functioned as a student response system, enabling faculty 
to quickly assess student knowledge and refine their 
lectures accordingly. 
 
Another major benefit will be a series of 20-25 patient 
case scenarios when they are videotaped and ready for 
students to view individually on their PDAs. 
 
There will be a continued requirement that each 
beginning nursing student 
acquire the specified hardware and software for use in 
the classroom, simulation laboratory, and clinical 
agency.  
 
In addition to the current sophomore curriculum, PDAs  
will be used in subsequent courses in the 
undergraduate and graduate programs. Implementation 
began in the graduate program during the spring 2007 
semester and is planned to begin with the RN to BS 
program during the fall 2008 semester. Within a few 
years, every Ball State nursing student and faculty 
member will have a PDA in hand.  
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Chen, S., Coffey, S., Peisachovich, E., Pitt, G., Harnanansingh, D., Chen, W., Falk-Rafael, A., Reid, M., Smith, J., Beagrie, L., and 
Kushniruk, A. "Implementing best practice guidelines onto personal digital assistants: Preliminary results and lessons learned," 
Journal on Information Technology in Healthcare 6 (2008): 33-41 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Describes a pilot 
project to convert 
BPGs into 
electronic format 
for making 
available at POC 
through PDA 
(Palm Tungsten 
IIe used, with 
Ashtma guideline 
as case study). 
  Major problem encountered/addressed was 
difference between a BPG-derived  
algorithm using programming logic and 
one taking into account professional, legal 
and ethical requirements for good nursing 
practice – which necessitates much more 
non-linearity, repetition and iteration. In 
contrast to Chien below Chen et al. argue 
that full documentation of all items needed 
even if action could logically be 
determined by a smaller initial subset. 
 
A multi-module screen attempts to 
minimise imposition of linearity. 
Admit possibility that screen size may present challenge 
to quick and efficient utilisation in high-stress nursing 
environment. Problems experienced attempting to 
integrate Palm seamlessly with XP based patient record 
system. 
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Chien, T.-W., Wu, H.-M., Wang, W.-C., Castillo, R. V., and Chou, W. "Reduction in patient burdens with graphical computerized 
adaptive testing on the ADL scale: tool development and simulation," Health and Quality of Life Outcomes 2009, 7:39 7 (2009): 1-6. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Compare 
adaptive patient 
assessment 
algorithm (based 
on combination 
of Barthel and 
Frenchay indices 
of  ADL) with 
conventional non-
-adaptive 
assessment in 
which all items 
have to be 
answered before  
score is arrived 
at. 
Implemented in Excel on 
Motion C5 tablet with 
graphical interface but 
probably could be done on 
any handheld so 
importance lies in 
comparison with paper-
based assessment 
 Shows that Adaptive patient assessment 
algorithm (based on combination of 
Barthel and Frenchay indices of  ADL) 
more efficient than conventional non--
adaptive assessment,  in which all items 
have to be answered before  score is 
arrived at. Adaptive system truncates when 
answers given provide sufficient 
information to indicate required action.  
 Could save up to 42% of test length and 
reduce patient and proxy burdens improve 
data collection and quality measurement.. 
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Coopmans, V. C., and Biddle, C. "CRNA performance using a handheld, computerized, decision-making aid during critical events in a 
simulated environment: a methodologic inquiry," AANA Journal 76 (2008): 29-35.. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Explore and 
evaluate a 
method for 
examining effect 
of computer 
assisted decision 
making (CADM) 
using handheld 
device on 
accuracy (correct 
diagnosis 
and treatment) 
and speed of 
problem solving 
by Anaesthetist 
RNs (CRNAs) 
during simulated 
critical patient-
care events. 
 
Randomized crossover 
design with matched-pair 
sampling. 
In a high-fidelity human 
simulation 
environment, 4 CRNAs 
participated  in 2 plausible 
anaesthesia case scenarios, 
where simulated patient's 
problem/condition, if left 
unattended, could lead to a 
critical incident.  
 
Performance with 
and without CADM 
technology, was evaluated 
(along with environmental 
authenticity, etc. not 
relevant to this SLR) 
 Audio/videotapes of the 
simulation runs coded and 
analyzed by 3 Independent 
Reviewers (IRs). 
Questionnaire to IRs 
included 5 items on PDA 
use 
 
Dell Axim X5 
model PDAs 
were used, 
Each 
programmed 
with an 
extensive 
catalog of 
more than 30 
common and 
uncommon 
events that can  
arise during 
anaesthesia. 
In the OR scenario, the amount of time 
from the start of the scenario to accurate 
diagnosis was shorter for non-PDA 
participants  (16:15 and 10;42 vs. 22:13 
and 20:26). The opposite occurred in the 
PACU scenario  less time by PDA 
participants  (5:29 and 14:19 vs. 22.57 and 
>30:00. 
 
CRNAs without the PDA provided 
treatment in less time in OR {16:59 and 
20:15 vs 23:31 and 29:43). Whereas 
participants with CADM treated faster in 
PACU (10:32 and 
14:31 vs 29:16 and >30:00). 
 
Different results likely due to differences 
in pace, intensity, and conduct of the 2 
scenarios. Scenario management timeline 
developed for each scenario was not 
consistently followed. 
Re PDA: 
IR reported CRNAs appeared to have no 
difficulty using PDA  (100% both OR and 
PACU), found helpful (83% OR , 67% 
PACU), useful (100% both) and able to 
incorporate in care (100%, 67%)  
The rationale behind using a crossover design with 
matched-pair sampling was to allow for a smaller sample 
while retaining the statistical power of a parallel group 
design with a larger sample. Here, some of the 
advantages of this design were lost due to between-
participant variation. 
 
The cost (money, time, resources) of 
conducting the study was the primary factor restricting 
the number of participants. Each participant spent nearly 
7 hours at our center. Limiting the scenario run time to 
30 minutes truncated the results; participants may have 
accurately diagnosed and intervened if given more time 
 
The various flaws may jeopardize 
the internal validity of the study and serve as cautionary 
points for future investigators. However the study 
suggestshigh-fidelity human simulation environment 
provides an appropriate setting to conduct research in 
this area.  
Reduction of error by healthcare professionals and 
increased patient safety has been given a high priority by 
professional and lay communities. Our study may assist 
researchers in the conduct of future investigations into 
handheld CADM aids, CRNA problem solving, and 
clinician error 
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Di Pietro, T., Coburn, G., Dharamshi, N., Doran, D., Mylopoulos, J., Kushniruk, A., Nagle, L., Sidani, S., Tourangeau, A., Laurie-
Shaw, B., Lefebre, N., Reid-Haughian, C., Carryer, J., and McArthur, G. "What nurses want: diffusion of an innovation," Journal of 
Nursing Care Quality 23 (2008): 140-6. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To report 
findings from 
phase 1 of the 
Doran study to 
evaluate usability 
of handhelds for 
collection, 
utilisation and 
communication 
of patient 
outcomes,  as 
well as feasibility 
of using PDAs to 
increase nurse‘s 
access to and 
utilisation of 
electronic 
evidence-based 
resources to 
support clinical 
decision making.  
 
See Doran ,  et al 
2007. 
Cross sectional design to 
determine which 
information was necessary 
to understand nurse‘s 
needs at POC to supports 
CDM process. 
 
Frontline staff nurses in 2 
acute care hospitals and 2 
home care agencies in 
Toronto [only results from 
former summarised here] 
 
Acute care nurses 
completed  between 3 and 
5  patient assessments of 
NSOs (functional status, 
symptoms, therapeutic 
self-care perceptions, risks 
of falls and pressure 
ulcers)  using PDAs (23 
assessments in total) and 
then were interviewed in-
person or by phone. 
 
Field testing:PDA 
introduction=2hours. And 
nurses from home care 
completed 28 assessments. 
PDA decision 
support 
system 
consisted of a 
drug 
handbook; 
calculator, 
NSO 
(‗Nursing 
Sensitive 
Outcomes) 
tool; 
RNAO Best 
Practice 
Guidelines for 
pain and 
pressure 
ulcers; 
 selected 
practice 
standards. 
 
2 hour 
workshop on 
device and 
tools  
Liked the size of the PDA because small 
enough to hold in hand and was portable. 
Acute care nurses also carried handheld 
phones and suggested that the PDA could 
be used for both eliminating need to carry 
two devices. 
 
Found software easy to use which 
increased with practice and familiarity. 
Liked access to drug dictionary and BPGs. 
Community RNs appreciated access to the 
telephone number of CCAC case managers 
+ need to inclusion of their agency´s 
physical assessment tool in the decision 
support system. Among home care nurses, 
3/10 had difficulties in obtaining signal in 
high rise apartments and basements). 
 
Liked the NSO tool but some found it too 
vague for their specific patient population 
and would be improved with more specific 
prompts. 
 
Some network issues identified especially 
time to turn on device, log in, enter 
password, and initiate assessment tool 
Knowledge is fundamental to reasoning and decision 
making... finding a balance in nursing practice between 
not enough and too much is a challenge. 
 
Revision to the PDA DSS were made on basis of results 
of focus group interviews, work sampling and field 
testing (i.e. findings from other phases of study as well 
as phase 1) including incorporating phone capability to 
eliminate need to carry two devices. 
 
 
The decision support tool has the potential to assist 
nurses by providing them with the necessary evidence-
based resources and tools at the point of care to support 
clinical decision making, resulting in improvements to 
the safety and quality of care, 
 
Connecting the innovative to the user is the ultimate aim. 
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Dollarhide, A., Rutledge, T., Weinger, M. B., and Dresselhaus, T. "Use of a handheld computer application for voluntary medication 
event reporting by inpatient nurses and physicians," Journal of General Internal Medicine 23 (2007): 418-422. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To determine the 
feasibility of 
capturing 
self-reported 
medication events 
using a handheld 
computer- 
based Medication 
Event Reporting 
Tool (MERT) 
Handheld computers 
operating MERT 
(Medication Event 
Reporting Tool) software 
deployed among volunteer 
physicians (185) and 
nurses (119) from 4  
teaching hospitals. Nurses 
enrolled from medicine, 
surgery, and IC units 
Participants each carried 
handheld for  1-week  and 
were encouraged to 
complete confidential 
reports  
for medication events 
observed. These reports 
did not replace the 
standard event reporting 
systems in place. 
. 
Information collected 
about provider involved, 
event date and time, 
location, type, severity, 
stage of the medication 
process, and contributing 
factors 
MERT was 
developed to 
allow self-
reporting of 
medication 
events on a 
Palm Zire™ 
21 Interface 
was designed 
to be 
consistent 
with standard 
reporting 
systems.  
Work activity, 
stress, and 
perceived 
work demand 
elicited from 
carriers 
randomly at 
90-minute 
intervals in 
work shift 
followed by 
opportunity to 
launch MERT. 
Over the course of 2,311 days of clinician 
participation, 76 events 
were reported; the median time for report 
completion was 4 minutes. 
The average event reporting rate was 0.033 
reports per clinician shift. 
(N=50, 28 MD/22 RN did min. 1 MERT) 
Nurses had a significantly higher reporting 
rate compared to physicians (0.045 vs 
0.026 reports/shift, p=.02).  
Attending physicians reported events more 
frequently than resident physicians (0.042 
vs 0.021 reports/shift, p=.03), and at a rate 
similar to that of nurses (p=.80). 
Only 5% of MERT medication events 
were reported to require increased 
monitoring or treatment. 
There was a trend toward nurse reporters 
having a higher educational level 
compared with nurse non-reporters 
(p=.06). 
(Personal responsibility house MD=71%, 
RN 44%, MD 19%. Trust. control, 
hearing?!) 
Reported events were predominantly 
potential adverse events, with medication 
either not administered to the patient 
(69%) or administered but resulting in no 
discernible patient harm 
A handheld-based event reporting tool is 
a feasible method to record medication events in 
inpatient hospital care units. Handheld reporting tools 
may hold promise to augment existing hospital reporting 
systems 
 
Near misses are an important component of successful 
reporting systems, as they typically occur at a greater 
frequency than ADEs and allow for quantitative analysis 
of system failures that ultimately lead to adverse 
outcomes. Emphasizing the reporting of near-miss events 
tends to reduce the culture of blame when harmful events 
do occur, and promotes the study of recovery strategies 
to build more resilient safety systems 
 
A handheld computer-based system would likely only be 
feasible at hospitals with IT resources to support data 
download, software modification and maintenance. The 
associated security and information technology (IT) costs 
of a larger application of MERT were not specifically 
evaluated in this study 
 
The overall percentage of events captured by this 
handheld event reporting application likely remains quite 
small, still representing only the ―tip of the iceberg‖ of 
hospital events.  
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Doran, D. M., Haynes, R. B., Kushniruk, A., Straus, S., Grimshaw, J., Hall, L. M., Dubrowski, A., Di Pietro, T., Newman, K., Almost, 
J., Nguyen, H., Carryer, J., and Jedras, D. "Supporting Evidence-Based Practice for Nurses through Information Technologies," 
Worldviews on Evidence-Based Nursing 7 (2010): 4-15. 
 Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/Reported impacts 
The central 
purpose of the 
study was to 
evaluate the 
feasibility and 
usability of 
mobile 
information 
terminals, such as 
PDAs or Tablet 
PCs, to improve 
access to info 
resources for 
nurses working 
in acute care 
hospitals, long 
term care, home 
care, primary 
care settings. The 
secondary 
purpose was to 
explore  possible 
relationships 
between PDA or 
Tablet-supported 
resources and 
health care 
outcomes. 
Most research involving 
PDAs has been descriptive, 
with small sample sizes, 
and limited to a single-
practice setting. Our study 
involved 174 acute care 
nurses (RNs and RPNs), 76 
remaining at 12 month 
followup, located in 29 
different practice settings, 
each of which chose their 
own devices. 
 
Longitudinal (pre-post test) 
quasi-experimental design 
compared two groups of 
users, PDA users versus 
Tablet PC users 
Resources put 
on all devices 
included: 
RNAO 
Nursing Best 
Practice 
Guidelines; 
Best Evidence 
for Nursing 
PLUS; a Drug 
Handbook, a 
Medical 
Dictionary, 
and Lab 
Values (2-3). 
BPG and 
BEN+ 
required 
internet access   
Nurses who used a Tablet PC accessed 
Google and in-house resources 
significantly more often than nurses who 
used a PDA (t=-2.4, -2.3 respectively, 
p<.01).  In contrast, nurses who used a 
PDA accessed PEPID or Lexi 
significantly more often than nurses who 
used a Tablet PC (t= 3.1, p<.001).  
No significant differences in regard to 
BPG or BEN+ 
Nurses who used a Tablet PC rated the 
amount of information on the screen to be 
significantly more adequate than did 
nurses who used the PDA (t=-2.19, 
p<.05).  In contrast, nurses who used a 
PDA rated the speed of the PDA 
significantly faster than did nurses who 
used the Tablet PC (t=2.03, p<.05). 
Nurses commented that Tablets were 
bulky/heavy to carry, slower to power-up 
and load, and, in case of some models, 
often required rewriting. 
Among both PDA and Tablet users 
nurses‘ values/attitudes towards research 
became more positive over time. Change 
in barriers to research utilization did not 
seem to depend on yype of device used or  
sector. 
Use of PDAs and tablets for accessing information 
resources resulted in improvement in nurses‘ research 
values and awareness, and in the presentation and 
accessibility of research evidence. PDA users showed 
higher improvements in the quality of care and job 
satisfaction than tablet users. One possible explanation 
for differential impact of PDAs on quality of care and job 
satisfaction is that nurses were able to have their own 
personal PDA which they could customize and 
personalize 
 
Nurses felt having access to the mobile devices changed 
their use of RNAO BPGs, that the information resources 
assisted in clinical practice,  positively impacted care, 
and supported their learning needs.  
 
Collectively, the pattern of findings offer evidence that 
small, portable, wireless, handheld computers have the 
potential to improve research utilization in nursing 
practice, leading to improvements in quality of patient 
care and nurses‘ job satisfaction. Improvements are more 
likely to be realized where nurses work in relative 
isolation, lack close collegial support, and infra-structure 
such as libraries, desktop computers, and expertise 
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Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Describe nurses‘ 
requirements for 
point-of-care 
information 
collection and 
utilization in 
order to develop 
an electronic 
information 
gathering and 
dissemination 
system to support 
both nursing-
sensitive 
outcomes data 
collection and 
evidence-based 
decision-making 
at point-of-patient 
care. 
Cross-sectional, mixed-
method design 
Sample consisted of 51 
nurses from hospital (35) 
and home care settings. 
Data collection (2005)  
involved work sampling 
(10 nurses during a total of 
18.5 hours) and focus 
group interviews. 
The hospital nurses  had  
an average of 13.6 years 
nursing experience. Only 
6% had previous 
experience with a PDA. 
 
 In hospital sector, 40% of written 
information was recorded onto ―personal 
papers‖ at point-of-care and later 
transcribed into clinical record. 
Nurses often sought information away 
from point-of-care, e.g.  centrally-located 
health records, or policy and procedure 
manuals.  
Most frequent source of information was 
nurse colleagues. Nurses‘ top priorities for 
information were vital signs data, 
information on intravenous (IV) drug 
compatibility, drug references, and 
manuals of policies and procedures. 
 
Both groups of nurses stated they would 
like to have the handheld computers for 
POC documentation, especially with 
regard to patient admission assessments 
and vital signs recording. 
 
A device with both voice and data 
functions was identified as an important 
feature as was access 
to frequently used telephone numbers. 
 
Findings support the position that frontline staff nurses 
prefer to access pre-processed information, such as drug 
reference information, policies and procedures and best-
practice guidelines. Therefore, the information 
resources designed into the prototype e-Volution in 
Outcomes-Focused Knowledge Translation software 
were drug reference information and clinical best 
practice guidelines. (The Registered 
Nurses‘ Association of Ontario (RNAO) has developed 
best practice guidelines to guide clinical decision making 
and intervention for a variety of patient conditions. The 
guidelines were adapted to a format suitable for PDA 
use.) 
The system enables nurses to use handheld computers to 
simultaneously document patients‘ responses to 
treatment, obtain real-time feedback about patient 
outcomes and access electronic resources to support 
clinical decision-making. It has the potential to increase 
nurses‘ access to patient outcomes information and 
evidence for point-of-care decision-making. 
It is unethical to provide nurses with real-time feedback 
about their patients‘ outcome achievement without also 
providing them with access to high-quality resources on 
which to plan care 
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Dykes, P. C., Carroll, D. L., Benoit, A., Coakley, A., Chang, F., Empoliti, J., Gallagher, J., Lasala, C., O'Malley, R., Rath, G., Silva, 
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Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Report on 
findings of study 
to evaluate: 
# 
Adequacy of a 
standard patient 
assessment 
module to 
support problem 
identification, 
care planning and 
tracking of 
nursing sensitive 
patient outcomes 
#  
Feasibility of 
wireless devices 
to support patient 
assessment data 
collection at the 
point-of-care 
using wireless 
PDAs and tablet 
PCs  
 
A prospective randomized 
crossover trial conducted 
for 12 weeks on two 
clinical units at Mass Gen 
 
79 consenting RNs  
employed 16 
hours per week or more 
randomized to either a 
device (n=40) or paper 
(n=39) for first six weeks. 
Nurses assigned to a 
device randomized 
to either a wireless PDA 
(n=20) or TPC (n=20). 
After six weeks, 
assignments reversed. 
 
Records sampled to 
establish device use and 
completeness 
Web-based survey  15 
questions plus 
demographics to 
assess satisfaction with 
devices  paper/PDA/TPC) 
and impact on workflow.  
30 minute 
―Just-in-time‖ 
hands on 
training 
session on the 
new paper 
form and on 
the wireless 
device (HP 
2790 IPAQ 
PDA or 
Fujitsu 
ST4000 TPC)  
―Unit 
champions‖ 
received 
additional 
training to 
provide on-
going device 
support on all 
shifts. 
The wireless devices were used 63.5% of 
the time expected based on randomization 
pattern (.PDA 57% Tablet 71% Paper 
136.5%) 
Differences in completion between 
electronic and paper tools were very 
significant for the following 
measures (p<.001): fall prevention, 
pressure ulcer prevention, pain 
management, aspiration prevention, 
malnutrition prevention, and DVT/VTE 
prevention. 
Differences were significant (p<.05) for 
completion of suicide prevention 
assessment. No significant 
differences were found across device types 
with regard to problem identification, 
referrals and interventions documented on 
the plan of care. 
Overall satisfaction was significantly 
greater with the electronic devices (mean 
rank: PDA-33.19, tablet PC-33.08, paper- 
32.74; p<.008). Wilcoxson scores for 
perceived usefulness, ease of use and 
workflow implications were not significant, 
indicating that the wireless devices were 
not perceived to be significantly different 
than paper with regard to workflow 
implications of point-of-care assessment 
data collection, ease of use and usability. 
Standardizing the patient 
assessment content by integrating reliable modules 
facilitates capture of 
data and information necessary to track nursing 
sensitive and quality outcomes.  
Relative to paper electronic devices significantly 
improved data capture for all of the nursing sensitive 
patient outcomes assessment sets and for several of the 
quality assessment sets. 
 
Major dissatisfiers probably responsible for unexpected 
higher use of paper relative to devices were the time-
consuming  secure sign-on process and lack of 
integration of electronic assessment modules with the 
paper-based plan of care 
 
― 
Information and recommendations must be actionable 
and integrated into current documentation and patient 
care workflows. Continued work is needed to integrate 
devices into routine processes of care to support 
consistent use while nurses are caring for patients at the 
bedside. Only then will patients potentially benefit from 
evidence-based assessment content and decision 
support features. 
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(2008): 13-19 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
 
Primary aim was 
to investigate 
whether the use 
of PDAs 
enhanced nursing 
students‘ 
pharmacological 
knowledge 
during clinical 
practice in 
the medical-
surgical area.  
 
Secondary aims 
were to examine 
the influence of 
PDAs on the way 
nursing students‘ 
contextualize 
medical-surgical 
nursing 
knowledge and 
identify factors 
that affect the 
nursing students‘ 
use of PDAs in 
the clinical 
practice setting. 
 
Mixed-method approach. 
# 
Quasi-experimental design 
with pretest and posttest to 
measure effectiveness of 
PDAs in enhancing 
pharmacological 
knowledge and decision 
support in clinical area. 
#Focus group discussions 
to ascertain how 
the nursing students used 
PDAs to enhance 
contextual 
learning and the benefits 
and difficulties associated 
with their use. 
# 
72/96  second-year 
students in medical-
surgical course of BN 
program participated on 3 
week clinical placement on 
medical-surgical wards. 
(c33% not English first 
language in both groups) 
 
HP iPAQ 
Pocket PC 
h5500) loaded 
with Monthly 
Index of 
Medical 
Specialities 
(MIMS) for 
PDAs, a drug 
reference 
guide 
for Australian 
professionals, 
plus  two 
Excel® 
documents, a 
student 
appraisal tool, 
and a medical-
surgical 
nursing skills 
checklist. 
 
Control group: 
nothing 
In both groups, the mean score on the 
posttest assessment increased marginally. 
Students using PDAs increased their mean 
score by 1.33, double that of the control 
group. However, neither the increase in 
scores during posttesting in both groups 
nor interaction between the PDA 
intervention and posttest scores were 
statistically significant (p = 0.17 and p = 
0.196, respectively). 
 Findings from the focus group discussions 
indicated that students found the PDAs 
easy to use and perceived their use as 
beneficial to their learning in the clinical 
area. 
Some students thought their clinical 
teachers did not have the knowledge and 
skill level to support the use of PDAs in 
the clinical area. 
Most used the PDAs in real time at the 
bedside primarily to access drug 
information 
Some students thought using the PDA in 
front of patients seemed rude, was 
inconvenient, or wasted time when there 
were other clinical priorities.  
Frequency of PDA use varied from 4 to 15 
times per shift, depending on the student 
and on the nature of the clinical shift 
 
All students thought the PDAs enhanced their 
pharmacological knowledge but not their contextual 
knowledge. 
 
Students found the PDAs easy to use and 
were generally impressed with the features of the device. 
 
Another encouraging finding was the support from 
nurses in the clinical setting who encouraged students to 
use the PDA for accessing drug information in real time. 
 
One reason for only a modest 
improvement in pharmacological test scores may have 
been the limited time the students had access to the 
PDAs within the clinical environment. In addition, the 
clinical practicum occurred early in the semester, prior to 
much of the theoretical component of the medical-
surgical 
course. 
 
This study provides support for the ongoing 
implementation of PDAs into nursing education 
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Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Identify IC 
nurses‘ 
preferences for 
using PDAs and 
specific clinical 
software. 
 
Specifically to 
investigate: 
(1) how a local 
urban facility‘s 
critical care 
nurses report 
using PDAs; 
(2) what nurses‘ 
perceptions are 
about using 
PDAs at the point 
of 
care to support 
their clinical 
practice; 
(3) what type(s) 
of decision 
support tools 
critical care 
nurses want to 
receive via PDAs. 
A 1-page (double-sided), 
20-item survey  distributed 
to 120 full and part-time 
nurses in staff, charge or 
clinical educator  
capacities 
 
Queried about desires for 
specific clinical references 
including 
cardiac medication, ACLS 
protocols and algorithms, 
cardiac and pulmonary 
assessments, drugs, 
infectious diseases, 
laboratory values, an 
English/Spanish 
dictionary, care plans, and 
bundled programs. 
Asked to indicate whether 
or not they used a PDA 
regularly. And how much 
if any personal financial 
resources they would be 
willing to spend on a PDA 
with or without loaded 
software. 
  
5 point Likert scale 
Anonymous 
 
One month 
allowed for 
completion  
 
Candy bar as 
token of 
appreciation 
45/120 (37% ) response rate 
 
Selected responses: 
 
91% agreed or strongly agreed that 
they would like AACN cardiac 
medication references on a PDA. 
89% ACLS protocols 
87% cardiac algorithms 
70% a bidirectional Spanish 
and English dictionary on a PDA 
 
Less than 20% of the nurses frequently or 
always used 
a PDA at the bedside 
60% indicated that they never 
use a clinical PDA 
 
80% indicated that they are not willing to 
pay more than $100 for PDA references. 
 
More than 50% indicated they never/rarely 
use PDA for administrative purposes; 
mean score of 2.40). 
Critical care nurses are interested in using PDAs but they 
currently use PDAs sparingly and mostly for non-clinical 
situations (administrative purposes). (And less than half 
use them). 
 
ICU nurses are most interested 
in ICU-specific electronic references 
and are not interested in 
purchasing more expensive clinical 
reference programs. 
 
It is not known to what extent these nurses would access 
clinical information from PDAs to support their decision 
making if PDAs with multiple programs 
were readily available in the ICU setting. 
 
Issues around cultural competency and comfort using 
information technology were not explored. 
 
Limited knowledge of PDAs, along with personal 
financial concerns and unavailability of PDAs may 
influence their lack of use. Formal education, 
institutional support, and readily available software 
applications may encourage ICU nurses to use PDAs to 
support their decisions when planning patient care 
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of Clinical Nursing 17 (2008): 2146-54. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Explore advanced 
practice nurse 
(APN) 
perceptions of  
wireless PDA 
technologies, to 
establish the type 
and 
range of tools that 
would be useful 
to support their 
practice and to 
identify any 
requirements and 
limitations that 
may impact the 
implementation 
of wireless PDAs 
in pract 
An inductive,  qualitative 
interpretivist design and 
interpretive methodology 
 
The data were collected 
using survey 
questionnaires and 
individual and 45 minute 
semi structured focus 
group interviews with 
nurse practitioners and  
clinical nurse specialists 
(24) and 
information technology 
managers (4) based in 
British Columbia, Canada.  
 
An open-coding content 
analysis was performed 
using qualitative data 
analysis software 
. Major themes identified: Devices 
facilitated freedom of working practices 
and the mobility of practitioners. The 
demands of their work made this mobile 
computing platform a very valuable tool. 
Wireless connectivity (particularly for 
network, Internet and e-mail access) was a 
highly desirable feature. An all-in-one 
solution was reported as a considerable 
advantage. 
 
The value of PDAs as electronic reference 
tools as well as communication devices 
was clearly articulated and the use of 
wireless PDAs to support electronic 
prescribing and medication management 
was acknowledged by several participants 
as an advantage, some identifying this as a 
key area of interest for them as health 
professionals, along with access to 
reference materials while off-site. 
The stylus-based user interface was 
identified as both a benefit and a barrier 
for entering data. Mixed feelings were 
expressed about the value of a keyboard 
for data input and the functionality of the 
PDA screen. 
Nurses identified improved client care as the major 
benefit of this technology in practice and the type and 
range of tools they identified included clinical reference 
tools such as drug and diagnostic/laboratory reference 
applications and wireless communications. Nurses 
demonstrated a complex understanding of wireless 
Personal Digital Assistant technologies and gave good 
rationales for its integration in their practice. 
The ability to have large volumes of ‗up-to-the minute‘ 
clinical reference data on-hand in the workplace is an 
attractive advantage of using PDAs with wireless 
connections. Additionally, the ability to network with 
other health professionals and to have access to reference 
materials while in off-site locations was advanced as a 
desirable feature. 
Advancement of wireless PDAs supports the principles 
of pervasivity and is a technology that is rapidly being 
adopted by nurses. Many of the barriers that were 
identified as precluding the use of wireless networks 
within facilities are disappearing. Improved shielding in 
electronic devices, decreased transmitter power and 
bandwidth limitations have made it possible for 
healthcare professionals to adopt wireless 
communications technologies into their institutions. 
Wireless PDAs have considerable potential to meet the 
requirements of healthcare personnel  in a wide variety 
of healthcare settings.  
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assistants (PDAs)," Nurse Education Today 26 (2006): 647-54. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To design, 
implement and 
evaluate a 
network-based 
PDA tool to 
implement an e-
portfolio 
approach to:  
Support, improve 
clinical learning; 
contextualize and 
embed clinical 
knowledge 
whilst in the 
workplace 
promote 
reflective 
learning in 
practice and 
engage students 
in the process of 
knowledge 
translation; 
prevent the 
isolation of 
students whilst 
engaged in 
clinical 
practicum 
 
Student Volunteers 
recruited for a qualitative 
evaluation: 6 final yr Nurse 
Practitioner 
and 4 final year Medical at 
UBC undertaking 
community-based 
practicums in January 
2006.  
They: 
#completed a log of 
activities using PDA over 
their three month use. 
#responded to a post 
exposure questionnaire 
to establish their 
perceptions 
of and views on the 
potential uses of the e-
portfolio 
and clinical PDA based 
tools 
# participated in focus 
group interview to explore 
these issues further. 
 
Wireless 
enabled 
Pocket PC 
loaded with 
Epocrates, 
Griffiths, 
UBC e-
portfolio tool 
(see 
http://clinical.
nursing.ubc.ca 
Username = 
TestStudent 
Password = 
test123 
for a live  
example 
 
#Students made considerable use of tools 
during  three month period. 
#The quick reference tools were seen as 
particularly valuable, especially the 
Epocrates drug 
reference and the diagnostic reference 
tools.  
#The e-portfolio tool was not used as 
frequently as the 
stand alone reference tools and was 
generally used 
once per week to record all of their clinical 
reflections 
in a single activity. 
#On average the students used the 
applications (including cell phone use) 
for a total of 68 min per week. #There 
were no obvious 
differences between the usage patterns of 
the medical and nurse practitioner students 
#Findings indicate a consistent view of the 
PDA as a reference tool rather than a 
multimedia communications medium. 
.  
#Students valued inherent interactivity of the 
applications (such as the daily updating of the drug 
formulary and the 
ability to enter search queries in applications) 
#Still viewed the device as a stand alone PDA and did 
not make full use of the communications functions. 
#Felt that documenting clinical 
reflection was not feasible ‗‗on the job‘‘ as they were 
‗‗too busy‘‘. 
#Desktop computer-based Web 
access was preferred to record entries and the PDA for 
capturing images or recording critical event reminders. 
#Liked the ability to be able to send multimedia remotely 
to the eportfolio, 
and upload files attached to their records 
 
 
 
Author conclusion: 
Engendering an ethos of recording professional 
reflection whilst in the practice setting may be difficult 
to achieve, even with effective tools. 
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nursing program," CIN: Computers, Informatics, Nursing 24 (2006): 138-43. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Case-control 
experiment on  
possible impact 
of using PDAs in 
nurse education. 
to answer 
questions: 
#1 
Does the use of a 
PDA  
a. influence the 
students‘ 
preparedness for 
the safe 
administration of 
medications? 
b. enhance the 
students‘ self-
efficacy? 
#2 
Can formal 
testing of such 
questions 
be conducted in 
the educational 
context. 
36 Second-year BSc 
Nursing students in 8 week 
medical-surgical clinical 
course, randomly assigned 
to PDA or paper versions 
of same resources 
 
Pre and Post 
administration of  
a. Shwartzer 10-item 
General Self-Efficacy 
instrument. ‗‗... aims at a 
broad and stable sense of 
personal competence to 
deal efficiently with a 
variety of stressful 
situations.‘‘. 
b. a safety tool for 
medication administration 
developed by the authors 
 
HP  iPAQ,  
wireless 
disabled for pt 
confidentiality 
reasons. 
 
Software from 
Elsevier 
products (with 
laboratory and 
diagnostic 
reference, 
drug 
reference, 
med-surg 
procedure 
resource) 
 
Control group: 
text versions 
of same. 
For PDA students  the mean 
score on self-efficacy increased from 
32.539 on the 
pretest to 36.308 on the posttest. Using a 
paired-sample 
t test for these students‘ results, this 
increase was significant (p<.001). 
Scores of non-PDA students 
increased by only 0.667 (from a mean of 
32.500 on the pretest to 33.167 on the 
posttest). Using 
same test, this increase was not significant 
(p = 0.166). 
 
Quantitative findings are consistent with 
evidence from the PDA students‘ entries in 
their reflective journals. All students 
reported regular use of this equipment 
throughout their daily clinical experiences. 
Many (76%) used the PDA more than five 
times in a shift. Found the PDA immensely 
helpful in its capacities as a drug book, 
laboratory book, PDQ/medical-surgical 
tips provider, and class notes recorder.  
 
It has been demonstrated that the potential advantages of 
PDAs in nursing education 
can be subject to formal, case-control experimentation, to 
move beyond simply anecdotal and descriptive claims of 
potential benefits. 
 
With this powerful resource to aid them as they 
navigated a new and potentially stressful clinical 
environment, it is not surprising that the PDA students 
felt more confident and effective than peers who lacked 
this resource. 
 
During the course of the research pilot, the students used 
the PDAs in several ways beyond the original purposes 
of the study.e.g. during the medical-surgical, 
pathophysiology, and pharmacology classes, the students 
used PDAs 
along with their laptops as a resource. They described 
these as a quick reference for the medications referred to 
during the lectures. 
 
Overall, the students were able to intuitively expand  the 
use of the PDAs in the clinical setting to meet their 
unique learning needs. This, in turn, seems to have 
enhanced their perceptions of self-efficacy. 
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Aim Participants/ 
Setting/Methods 
Interv/ 
Comparato
r 
Outcomes/Findings Summary/ 
Reported impacts 
To determine 
whether nursing 
medication errors 
could be reduced 
and nursing care 
provided 
more efficiently 
using personal 
digital assistant 
(PDA) 
technology. 
. 
 
Nonrandomized, quasi-
experimental 
project. with undergraduate 
baccalaureate nursing 
students;  87/137 volunteered 
(63.5%). 
 
PDA group  (37/87) were 
self-selecting volunteers on 
basis of ownership of PDA.  
 
Level one students (2 clinical 
courses completed) 
5/14 in exp group 
Level two students (4 courses 
completed) 
15/38 in exp group 
Level 3 students (all 7 courses 
completed 
17/35 in exp group 
 
No statistically significant 
difference between groups on 
age or GPA. 
 
Classroom test involving 3 
medication questions and 3 
associated medication 
decisions. Max score : 6 
Students in the 
experimental 
group used 
PDAs equipped 
with Epocrates 
® Rx Pro which 
lists adult and 
pediatric 
dosages, 
contraindication
s and cautions, 
drug 
interactions, 
adverse 
reactions, a 
medical clinical 
calculator, and 
an integrated 
weight-based 
dosing 
calculator. 
 
Control group 
could use 
textbooks, 
reference books 
such as medical-
surgical nursing 
textbooks, 
pharmacology 
textbooks, a 
drug reference 
guide, and a 
calculator. 
The mean accuracy scores were 4.1 for the 
experimental group and 
3.5 for the control group. This was statistically 
significant (p = 0.037). 
 
The times spanned from a minimum of 3.5 
minutes to a maximum of 
36 minutes (mean = 15.5 minutes). The 
experimental group worked faster (mean = 13.2 
minutes) than the control group (mean = 17.2 
minutes). Statistically significant (p = 0.002). 
 
Differences existed in accuracy 
and timing among students at the three levels. 
Level one students were the most accurate, with 
a mean score of 4.6 (of a possible 6); level two 
students (four courses) had a mean score of 3.4, 
and level three students (seven courses) mean 
score was 3.9. When ANOVA was used, the 
differences in scores were statistically 
significant p = 0.006 
 
Students in levels two and three took less time 
(14.7 minutes) than students in level one (19.4 
minutes). When ANOVA was used, the 
differences in time among the three groups 
were not statistically significant (p = 0.029) 
The study addressed whether PDA technology could reduce 
medication errors and enable nursing care to be provided more 
efficiently. Results for accuracy and speed were both 
significantly higher in the experimental group than in the 
control group. 
 
Follow-up: For 2 questions/decisions 100% and 98% of each of 
the experimental and control groups calculated the correct 
dosages, but only 13.5% of the experimental group and 10% of 
the control group made the correct decision about 
administering the medication. Test repeated 2months later with 
same students: the results were essentially the same; most 
students correctly calculated the oral dosage, but most did not 
hold the medication until checking with the prescriber about 
giving a beta blocker to a patient with congestive heart failure. 
When asked about their decisions, they stated they were unsure 
of making independent clinical decisions. 
 
On the basis of the results of this study, the researcher 
recommended to the Dean of the School of Nursing that all 
incoming students be required to have a PDA with a drug 
reference and a medication calculator loaded on it. The 
researcher further recommended that clinical decisions be part 
of the medication calculation course. 
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Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
 
Outcomes/Findings Summary/ 
Reported impacts 
 
Report on Pilot 
Survey conducted 
to :  
# 
Compare two 
patient self-report 
pain diary 
methods in 
shoulder surgery 
patients: (a) EPD 
(Electronic 
Patient Diary) or 
(b) paper 
entry diary; 
Convenience 
sample of 48 
enrolled in 
outpatient 
shoulder pain 
study at Orth 
Clinic. Mean age 
both arms 59/60 
Compare research 
staff efficiency in 
entering data into 
database. 
 
Participants educated 
on use of respective self-
report pain diaries 
preoperatively 
and at discharge. 
Education time was similar 
between groups with 
participants receiving 
approximately 
10 mins at both points. 
VAS pain scores and 
narcotic usage were 
completed by the 
participant at 0, 1, 2, 4, 12, 
24, 36, and up to 48 hours 
post-operatively.  
 
Patients who used the 
EPDs were not required to 
totally fill in the 
information requested on 
each screen before 
proceeding to subsequent 
questions.  
. 
 
Research staff 
efficiency was 
defined as the 
time used to 
enter the data 
electronically 
(EPDs) or 
manually 
(paper diaries) 
into the 
database 
 
Compliance was defined as pain data form 
completion at the specified time points. If 
any questions were 
left blank, the participant was considered 
0% compliant. 
 
Compliance was lower in the EPD group 
(no rates provided), which was 
attributed to insufficient ease of use. 
 
Seventeen percent of patients in the EPD 
group found the device ―easy to use‖; 55% 
found the device ―moderately easy to use.‖ 
Seventy-six percent of patients in the paper 
entry group found the paper survey method 
―easy to use‖; 21% found it ―moderately 
easy to use.‖ Many patients in the EPD 
group expressed problems with advancing 
sequentially through the survey questions. 
Some reported that the device screen was 
hard to read. 
An average of 4 minutes less time was 
used to transfer data electronically from 
the EPD into the database than to manually 
enter the paper diary data. 
 
Compliance may have been higher if the EPDs had been 
programmed to prevent participants from proceeding 
through the survey questions until they completed prior 
questions. The time spent in educating the patient in the 
use of the EPD may 
have been too short. (3 hours minimum for educating 
older adults + practice time at home=96% success 
reported by Stern; 2005). 
 
Handheld technology can be used by nurses to improve 
and streamline patient care by capturing clinical data, by 
organizing and reporting home health services, and by 
providing references for evidence-based practice.  
 
The use of PDAs and EMRs can assist 
in measuring the quality of healthcare provided. 
Handheld technology can facilitate the transformation of 
clinical documentation of assessments, interventions, and 
outcomes into evidence-based decision making and 
evidence-based practice.  Joining the digital age is not 
inexpensive, but it may be economical by reducing paper 
use, saving time, and improving productivity. 
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Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Uncover the 
influence of 4 
basic human 
drives (i.e. drives 
to learn, acquire, 
bond, defend) on 
perception of 
Mobile 
Information 
Communication 
Technology 
(MICT) fits in 
hospital settings. 
 
7 types of fit: 
identification; 
information 
communication; 
patient 
interaction; 
physical; 
time criticality; 
user comfort;  
workflow  
(+ location fit) 
 
 
Mixed method approach, 
For the qualitative 
element, we collected 
interview data 
from 50 nurses who were 
using MICTs across four 
different medical 
units (i.e., acute care in-
hospital floors, ambulatory 
care, emergency 
department, and post-
anaesthesia care) in three 
different SE U.S. hospitals. 
 
In the quantitative element 
we collected survey data 
from another 107 nurses to 
further validate our 
findings 
concerning the relationship 
between human drives and 
fit types in order to 
determine their impact on 
performance and 
utilization 
decisions for MICTs.c 
Model 
[Diagram in 
Diagrams] 
Qualitative data revealed the saliency of 4 
basic human drives that influenced nurses' 
perceptions of 7 MICT fits. These drives, 
or underlying motivators of behaviors, 
surfaced as fundamental characteristics of 
individual nurses; they were also found to 
have a bearing on the (8 to 7; as location 
was merged) 7 identified types of fit.. 
 
Structural equation model explained 70% 
of variance in overall nurses' performance 
and 56% of their decision to utilize the 
mobile system. A number of path 
coefficients between the human drives and  
the various fit were significant. The drive 
to learn impacts identification and 
information fit. The drive to bond has an 
impact on physical fit and time criticality 
fit; the drive to defend impacts 
information, patient interaction fit, and 
workflow fit; and the drive to acquire 
impacts fits for identification and patient 
interaction. 
Three dimensions of fits, namely time 
criticality, user comfort, and workflow fit 
displayed a significant influence on overall 
performance. Identification and workflow 
fit had  a significant influence on 
utilization. 
Findings provide insights into the fit perceptions 
regarding MICTs, while pointing out the importance of 
individual characteristics in the forming of these 
perceptions. 
 
Identification fit and workflow fit are the most prevalent 
determinants in MICT utilization considerations. 
Supporting the identification of the patient, the type of 
medical intervention, and the nurse as an appropriate 
caregiver is a necessary pre-requisite that needs to be 
supported by the MICT in order for nurses to use it. An 
MICT must also be an integral part of the nurse's 
workflow. In addition, user comfort fit and time 
criticality played a significant role. 
 
Another major finding of our study is the role  of 
underlying human drives that impact perceptions of fit 
and, in consequence, individual performance 
 
The study sheds light—in an exploratory and  
explanatory fashion—on various notions of fit and the 
influence of archetypical individual characteristics in the 
adoption of mobile technologies in healthcare. 
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Junglas, I., Abraham, C., and Watson, R. T. "Task-technology fit for mobile locatable information systems," Decision Support 
Systems 45 (2008): 1046-1057. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To recast  and 
test the traditional 
task-technology 
fit models by 
differentiating 
between under-
fit, 
over-fit, and ideal 
fit conditions. 
 
Technologies that 
are too complex 
or provide more 
functionality than 
task requires 
involve ‗over-fit‘. 
Tasks which 
lack appropriate 
supporting 
technology, 
involve ‗under-
fit.‘ When task 
and technology 
form an ‗ideal 
fit‘, there should 
be task 
performance 
improvement. 
 
A wireless laboratory 
experiment with 112 
student subjects tested how 
differing fit levels 
impacted individual 
performance across 
various tasks performed 
with locatable technology. 
DV = TTC (Time to 
completion); 4 groups: 
Group A: high mobility via 
ubiquitous access to a local 
wireless area 
network (WLAN) using a 
PDA  and high locatability 
by being able to access 
location-based services 
(LBS); Group B equipped 
with a mobile PDA that 
could only be used as a 
stationary device 
but with high locatability 
(i.e. LBS); 
Group C mobility but no 
LBS; 
Group D : neither 
(30 min: PDA training 
session inc. use of stylus + 
browsing) 
Tasks were 
either 
‗location 
sensitive (e.g. 
locating a 
person in 
unknown 
location) 
or ‗location in-
sensitive‘ (e.g. 
writing an 
email) 
Neither locatability nor mobility made a 
difference when performing location-
insensitive tasks. Irrespective of the level 
of fit provided, these tasks were performed 
equally by every subject in terms of their 
TTC. Mobile devices are not significantly 
better suited to perform tasks such as 
browsing for information, writing emails, 
etc., than (wired) desktop counterparts. 
For location sensitive tasks differences in 
performance measures occurred.  
Applying locatability to tasks that required 
subjects to find a moving person led to 
significant gains. 
Whereas the lack of locatability was 
perceived as a definite gap, the 
unnecessary availability of locatability did 
not impact individual performance. 
Possibly context lacked urgency and over-
fit  is detectable only in a critical situation. 
[ER staff l using mobile devices deemed 
mobile technology to fit information 
processing needs insufficiently in life 
threatening situations. However, in non-
critical or acute-care settings, they were 
much more tolerant and regarded 
additional data as educational, even if it 
was not directly related to task at hand. 
In the context of mobile and locatable information 
systems, the question that arises is whether the 
technology provided is just right, too much, or too little 
to solve daily  tasks in an efficient and effective manner. 
Whereas it seems intuitive that an under-fit leads to a 
decrease in performance, it is harder to anticipate what 
will happen in the case of an over-fit. Some 
argue that over-fit leads to better performance since 
people 
can explore and find new ways of solving tasks and, 
thus, be more efficient. An alternative view is that over-
fit reduces performance because users are either  over-
whelmed with features and functionalities, or distracted 
so that the task at hand suffers.. 
  
In designing mobile systems the challenge is to 
determine the threshold at which additional technological 
capabilities over and 
beyond what is needed for task completion no longer add 
value 
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Koeniger-Donohue, R. "Handheld computers in nursing education: a PDA pilot project," Journal of Nursing Education 47 (2008): 74-
77. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Report on pilot 
project to: 
 
# 
Learn how to use 
a PDA as a 
personal 
organizer 
 
#Determine the 
value of PDAs as 
an 
alternative to 
traditional model 
of textbook use 
for NP students 
and 
clinical faculty 
 
Project 
functioned as 
seminar 
conducted ‗in the 
spirit of action 
inquiry and co-
generation of 
knowledge‘, 
using action 
science as 
theoretical basis. 
Author invited 6 graduate 
NP students in her weekly 
90 minute clinical decision 
making seminar  (final 2 
semesters of Graduate 
Program in Primary Health 
Care Nursing) to 
participate; provided with 
Palm 505. 5 traditional 
Master‘s NP students and 
1 non-traditional direct-
entry student; employment 
as nurse ranged from 1.5 to 
30 years. Total student 
body: 385 baccalaureates. 
99 graduates.  All had 
home PC with net access 
but neither students nor 
preceptor faculty had 
previously used PDA. 
Entire student group 
worked part time 
in acute care settings. 
(15 min.rule).90-minute 
audi otaped focus group at 
end to discuss and reflect 
on PDA experience and 
capture the rich and 
detailed views 
Action science 
focuses on 
creating 
conditions of 
collaborative 
inquiry in 
which people 
function 
as co-
researchers 
rather than as 
subjects  
creating 
a community 
of inquiry 
within 
a community 
of practice, 
building 
theories in 
practice, 
combining 
interpretation 
with testing, 
and changing 
status quo 
 
Goals were achieved. We learned how to 
use a PDA as a personal organizer and 
determined that handheld technology in 
our nursing NP program, as an alternative 
to bringing multiple textbooks to our 
clinical sites, provided a useful hands-on 
tool to enhance clinical experiential 
learning. 
Co-generation of knowledge using 
an action science perspective in 
the context of a supportive seminar 
group was effective. 
Analysis of audiotaped focus group 
identified time, learning, and 
personalization as 3 major themes: 
#The group thought that not only 
did they save time, but they also spent 
more time with patients because it was not 
necessary to leave the patient‘s room to 
look up accurate and reliable information. 
#With the use of the PDAs, the group 
perceived they were still learning. The 
ability to handle volumes of information 
with a handheld device rather than a 
textbook-based approach, to solve a patient 
problem safely or achieve ready retrieval 
of new information was useful. 
#The group believed handheld device 
afforded opportunity to tailor the history 
and physical examination with patients. 
Project demonstrated that 
the use of an action science perspective 
to introduce handheld technology 
in the context of a clinical decision 
making seminar for novice NP 
students and faculty is constructive and effective. 
 
No division of labor between those who produce the 
knowledge and those who use it. Goal  is research in 
practice, not research on practice 
 
However, infusing handheld technology into practicum 
courses can present programmatic challenges, such as 
additional time for class preparation using PDAs as a 
teaching strategy, security of patient data in accordance 
with the Health Insurance Portability and Accountability 
Act, added financial burden, and dependency on the 
PDA at the expense of development of critical thinking 
skills. 
 
Nonetheless, as a direct result of this project, the faculty 
at Simmons College decided to require PDAs for 
all NP students. 
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Kuiper, R. "Use of personal digital assistants to support clinical reasoning in undergraduate baccalaureate nursing students," CIN: 
Computers, Informatics, Nursing 26 (2008): 90-98.. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Primary study 
was to determine 
if PDA resources 
can serve as a 
memory aid to 
support cognitve 
and higher-order 
meta- cognitive 
thinking 
processes in 
nursing students 
for clinical 
reasoning and 
problem 
structuring/ 
solving during 
clincical practice 
12 volunteering senior 
students using PDAs were 
compared with 9 non-users 
during CCU rotations. 
 
Both completed Clinical 
Reasoning Webs and 
Outcome Present State test 
worksheets every 2 weeks 
for 14 weeks. 
 
Worksheets were rated on 
OPT model rartng scale. 
Both also completed 
clinical logs. 
PDA users responded to a 
computer self-efficacy 
scale. 
 
Qualitative analysis: verbal 
protocol analysis Social 
Cognitive Theory (Morris 
& Dillan, 1997), TAM: 
Theory of Reasoned 
Actions (Fishbein & 
Ajzen, 1975), and 
SRLM:Self-regulated 
Learning Model (Bandura, 
1997) 
Dell Axim 
PDA was 
loaded with an 
RN drug  and 
IV drug  
guide, medical 
dictionary, 
RN diagnosis 
and 
intervention 
guide, lab 
manual and 
faculty 
developed 
clinical data 
forms 
Student s were initially eager to adopt the 
technology and the PDAs users post study 
survey revealed confidence in using its 
resources for assignments, better 
organisation and improvement in clinical 
effectiveness. But very wide variety of  
post reactions and generally they were not 
confident that the device made them less 
dependent on others. 
 
There were no significant differences in 
OPT rating scores  between groups PDA 
65.1 (9.23) non PDA 68.1(6.67). 
Clinical reasoning as measured by these 
instruments is similar between those who 
use PDAs and those who use typical text 
book resources. 
 
Results suggest PDAs can be used as a 
clinical reasoning resource and does not 
have a negative effect on clinical reasoning  
Because the students continued to se 
conventional resources as well as PDA no 
conclusions can be drawn about device as 
a single information resource. 
 
 
Self reports from PDA users acknowledge better 
organisation and this will lead to eventual higher-order 
thinking as long as there is not too much conflic related 
to timing of use. 
 
Students must be motivated to learn and practice with the 
device to master its use. 
 
There is no one best strategy for promoting clinical 
reasoning; however. healthcare is a technology-driven 
environment and students must be socialized to available 
resources. Faculty can facilitate learning technology by 
modelling activities and presenting available resources to 
novice practitioners while they are engaged in clinical 
reasoning. 
 
More investigation is needed  in a variety of settings with 
larger numbers to determine the effects of PDAs on 
learning nursing practice. Requires a design that captures 
clinical reflections at the time of inquiry in the clinical 
setting. 
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Kuiper, R. "Metacognitive Factors that Impact Student Nurse Use of Point of Care Technology in Clinical Settings," International 
Journal of Nursing Education Scholarship 7 (2010): 1-15. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
to describe the 
relationships 
between student 
characteristics, 
PDA use, 
computer user 
perceptions, 
computer self-
efficacy and self-
regulation of 
learning. It was 
hypothesized that 
training and use 
of PDA devices 
would improve 
confidence in 
computer ability, 
computer self-
efficacy, and 
clinical reasoning 
skills. 
Repeated measures design 
to describe the 
metacognitive 
strategies, computer 
perceptions and computer 
self-efficacy of students 
who used a PDA for 8 
weeks of an acute care 
clinical rotation. 
in a tertiary level 2 trauma 
facility at a 
community hospital in SE 
US. 
 
26 bacc.student nurses in a 
senior level 
medical/surgical course 
volunteered to participate 
during two separate 
academic semesters 
Each completed weekly 
journals as an independent 
activity, were instructed to 
think and write about 
whatever came to mind as 
they read prompts and 
reflected on their 
clinical experiences. 
Journal 
prompts  
developed 
based on  
Self-regulated 
Learning 
Model 
Computer 
Self-Efficacy 
 (based on 
Technology 
Acceptnce 
Model 
measured at 
weeks 2 and 8. 
  
Computer 
User 
Perception 
measured at 
week 1 
Analysis of the PDA clinical logs showed 
mean clinical use was 1.55 hours, home on 
weekdays 1.64 hours, weekends 1.24. 
The programs with the greatest use were 
the drug guide, medical dictionary, and 
nursing diagnosis program. Issues related 
to technical support were insignificant. 
 
The students tended to strongly disagree 
that the PDA was frustrating to use, that 
they were worried about losing data on the 
PDA, and that the PDA was intimidating. 
They tended to strongly agree with 
frequently using the PDA in the clinical 
setting. Significant correlations between 
some items on the Computer User 
Perception Questionnaire and the 
Computer Self-Efficacy Measure post-test 
reveal that it was likely that the PDA 
would improve clinical performance if 
students were confident that it would 
increase work effectiveness (r = -.51, p 
<.05), increase the quantity of output (r = -
.51, p < .05), and increase sense of 
accomplishment (r = -.45, p < .05). 
training and use of PDA devices and software did 
improve confidence in computer ability, computer self-
efficacy, and clinical reasoning skills as measured in this 
study. Content analysis of journals based on the SRLM 
model revealed the ability to self-monitor and self-
regulate surrounding PDA use in clinical practice. For 
some students the PDA was very significant as a data 
repository, while for others it became a help aid for 
thinking and validating and re-evaluating clinical work. 
The PDA was helpful in reducing the time related to 
search for data to carrying out interventions, and as a 
thinking strategy resource inclinical situations. 
 
Acceptance of PDA by these students was a mitigating 
factor in enhancing the self-efficacy or belief that the 
computer was useful. The increased ease of use led to 
lessened anxiety and greater self-efficacy with PDA as a 
point of care reference. Students perceived ease of use 
with available software manuals, improved self-efficacy 
and confidence due to better organization because of the 
PDA, and ultimately better outcomes of their work. 
 
The practice with the device decreased anxiety and 
enhanced thinking effectiveness. 
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Lee, T.-T. "Patients' perceptions of nurses' bedside use of PDAs," CIN: Computers, Informatics, Nursing 25 (2007): 106-11 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To explore 
patients‘ 
perceptions of 
nurses‘ bedside 
use of PDAs for 
charge capture 
and charting 
patient 
intake/output 
(I/O) while or 
after performing 
care activities at 
the bedside. 
Descriptive, exploratory 
qualitative study using 
one-on-one, in-depth 
interviews to collect data 
from 14 patients at a 600 
bed medical center in 
Taiwan.  
 
Each inpatient was 
interviewed once for 15 to 
25 minutes guided by the 
following questions: 
‗‗Have you noticed nurses‘ 
use of PDAs? Would you 
please describe this use?‘ 
What do you think of 
nurses‘ PDA use? What 
influence has this use had 
on your care? ‗What 
suggestions do you have 
for nurses using PDAs in 
patient care?‘‘ 
 
Interview data were 
analyzed according to 
Miles and Hubermans‘ 
data reduction, data 
display, and conclusion 
verification process 
 Analysis of interview transcripts revealed 
five themes: 
PDAs increase nurses‘ work efficiency; 
concerns about  data accuracy and privacy; 
explain and market e-care 
to patients and families; 
enhance PDA functions for patient use and 
for easy location of caregivers; 
quality of care valued over use of PDAs. 
 
this sample of inpatients viewed nurses‘ 
use of PDAs as a tool to 
improve their work efficiency, particularly 
by facilitating data access, data 
transmission, and calculations, in 
agreement with previous reports. 
 
Also revealed patients‘ information needs 
around technology use when they 
suggested that nurses explain to visitors 
and family members why PDAs were 
being used. This finding is similar to 
reports that patients prefer that nurses 
explain all aspects of the care process, 
including technology use 
 
.  
 
The results indicate that patients perceived that PDA use 
could increase 
nurses‘ efficiency in data retrieval and calculation, were 
concerned about data accuracy and  privacy, preferred 
that nurses explain the reasons 
for PDA use, suggested more functions for PDAs (eg, 
entertainment for pediatric patients, wireless paging for 
clinicians), and valued  nursing care over technology use 
 
some patients admitted that they did not pay attention to 
the devices 
nurses used but to the care they gave. Patients 
emphasized that tender loving care was what they 
needed. 
 
Previous reports indicated that technology did not affect 
patient satisfaction or the relationship with clinicians. 
This study‘s results indicated that either nurses 
seamlessly integrated PDA use into their daily practice, 
or patients valued interactions with nurses and 
understood that they were just following regulations if 
they used PDAs in their work. 
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McGee-Lennon, M. R., Carberry, M., and Gray, P. D. "HECTOR: A PDA Based Clinical Handover System [full version of Carberry 
and McGee-Lennon 2007]," NursingTimes 103 (2007). 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To evaluate a 
hand-held 
computer system 
(HECTOR) 
designed for 
HECT (Hospital 
Emergency Care 
Team) use in 
order to support 
patient 
management, 
provide access to 
evidence based 
guidelines, 
inform decision-
making, facilitate 
clinical audit and 
plan service 
development;  
In the context of 
the need to ensure 
provision of  
successful health 
care under the 
new European 
Working Time 
Directive (2000) 
A within subjects (n=27) 
study of the pattern of use 
of the system and attitudes 
towards the system carried 
out over a 4-week period 
in 3 NHS hospitals using 
conventional mixed 
methods (questionnaires 
and follow-up interviews 
with the HECT nursing 
users of system) 
 
Majority regular computer 
users but 72% had never 
used handheld before. 
 
Q‘aire: 
Ease of Use (6 items) 
Accessing and Sharing 
Information (4) 
Effects on Time and Work 
(4) 
 
Responses on 5 point 
Likert Scales. 
Services via 
PDA included: 
•Clinical 
information 
capture at the 
bedside or on 
the move 
•A task list 
component 
•Reference 
information 
for clinical 
decision 
support 
•Automated 
creation of 
printed shift 
reports 
•Printed pt 
assessment at  
bedside using 
mobile 
printers 
•Activity 
reports 
Synced with 
PC (but 
wireless 
piloted later) 
27 (100%) response – note: all experienced 
senior  nurses who were heavily involved 
in design and introduction of system 
 
Overall Experience was positively rated 
(58/max score 85) 
Ease of Use of the system was rated as 
positive (22/18), as was Accessing and 
sharing of information (15/12). 
Time and Work Practice however was 
rated neutrally (12/12). 
Generating and printing shift report  
perceived as most beneficial, browsing 
reference material and free text data entry 
were of least perceived benefit. 
 
Mostly, nursing staff used the system in 
the office while stationary. (Mean of 
between ‗rarely‘ and ‗sometimes‘ at 
bedside). Despite some filling in details on 
move, pointed out by several that if they 
were too busy often have no choice but to 
wait until after their shift and use the 
system retrospectively. This could result in 
reduced compliance with data entry, as 
nurses would have to note interventions, 
recall them later and then enter data 
It is not surprising that all nurses commented that they 
would usually take time after their shift to enter the data. 
This is likely due to the urgency of the situation and the 
patient intervention always superseding the requirements 
of data entry in an acute health care setting.  
 
These findings highlight the need to investigate the 
appropriateness of data entry at the bedside in out of 
hours‘ emergency situations and/or improved methods of 
data entry in these situations at the bedside. 
  
Staff identified the negative factors of HECTOR as being 
the time taken to input data. The clinical value that the 
team placed on the printed handover and the facilitation 
for patient review appear to outweigh the negative effect 
of the time taken to enter the data on the system at 
present. This balance should continue to be evaluated in 
further similar health informatics research as perceived 
increased time and workload remains a potential barrier 
to many health informatics solutions 
 
In routine use since and adopted by 10 other UK 
hospitals  
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Mihailidis, A., Krones, L., and Boger, J. "Assistive computing devices: a pilot study to explore nurses' preferences and needs," CIN: 
Computers, Informatics, Nursing 24 (2006): 328-36. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
 
Pilot study to 
explore the needs 
and preferences 
of nurses and to 
inform authors‘ 
efforts to develop 
a new, more 
sophisticated 
assistive 
computing device 
(ACD)=PDA as 
support for 
nursing duties.  
 
 
 
 
A cross-sectional, 
descriptive research design 
 
Self-administered 85 item, 
Likert scale questionnaire 
(with researcher present) 
about nurses‘ needs and 
preferences.  Plus open-
ended comments 
 
Convenience sample of 20 
female registered and 
practical nurses with 
varying levels of both 
nursing and technological 
experience and comfort 
using technological 
devices.  All had worked 
for min 1 yr  year in long 
term- care wing  
 
Not using any form of 
technological device/ 
tool in daily practice  
. 
 . 
Approximately 30 features were 
identified by the nurses as mandatory (i.e. 
more than 80% of the respondents desired 
the feature). Included incorporation of a 
digital camera and the ability to send e-
mail (but not facsimiles), receive pages, 
and make telephone calls.  
 
Having ability to access data and 
information such as patient information, 
resources, drug information, and clinical 
references is mandatory.  
 
A factor that contributed to some nurses‘ 
lack of desire for particular device features 
or functions was their concern for safety 
and  infection control 
 
 
 
 
 
 
 
 
A wide range of assistive computing device features, 
functions, and input/output modalities were rated by 
nurses as useful or extremely useful, suggesting a high 
level of acceptance of assistive computing technology by 
the nurses in this study 
 
These initial data on nurses‘ needs and preferences for 
features, functions, and input/output modalities will help 
with the development of an assistive computing device 
prototype to optimize the fit between the nurse, his or her 
environment, and the tasks that must be performed 
within this context, leading to enhanced performance and 
improved patient care. 
 
Background focus on medical errors due to 
communication failures included. 
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Mohammed, M., Hayton, R., Clements, G., Smith, G., and Prytherch, D. "Improving accuracy and efficiency of early warning scores 
in acute care," British Journal of Nursing 18 (2009): 18-24. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To determine if 
the provision of 
computer-aided 
scoring could 
increase the 
accuracy and 
efficiency of  
EWS (Early 
Warning Score) 
calculations, 
when compared 
with the 
traditional 
pen-and-paper 
method, and to 
determine if it 
was acceptable to 
users. 
26 nurses from two 
surgical assessment wards 
in 2 hospitals were studied 
in three phases. 
Phase 1 – a classroom-
based exercise where 
nurses were given ten 
patient vignettes and asked 
to derive EWS using pen-
and-paper methods; Phase 
2 – the same but using a 
hand-held computer to 
derive EWS; 
Phase 3 – the same as 2 
but done in wards, 4 weeks 
after computer-aided 
scoring routinely 
implemented in the two 
wards. 
 
Each phase closed with 
user perception / attitudes 
questionnaire 
Computer-
aided scores 
derived using 
specially 
programmed, 
hand-held  
VitalPAC, a 
touch-screen 
application to 
facilitate the 
collection of 
vital signs and 
EWS 
derivation by 
nurses in the 
clinical setting  
 
VitalPAC did 
not require 
user to know 
weighting 
scale of the 
EWS system. 
Accuracy and efficiency 
Phase 1 was associated with a significantly 
lower overall accuracy (152/260, 58%) 
compared with phase 2 (96%; difference in 
proportions 38%, 95% confidence interval 
31–44%, P<0.0001). 
 
There was a small but significant reduction 
in accuracy from phase 2 (96%) to phase 3 
(88%) (8% difference, P=0.006). 
 
The mean time to derive an EWS reduced 
from 37.9 seconds in phase 1 to 35.1 
seconds in phase 2 (P=0.016), down to 
24.0 seconds in phase 3 (P<0.0001). This 
escalates to about 76 days per  year per 
nurse. (given 3 EWS/day in a 500 bed 
hospital). 
 
User acceptability 
In phase 1, nurses favoured the pen-and-
paper method in all respects except 
accuracy. In phase 2, nurses‘ views shifted 
significantly in favour of the handheld 
computer, with little deterioration in 
follow-up phase 
Clearly demonstrates that the traditional pen-and-paper 
method of deriving scores is less accurate and takes 
longer than those aided by a computer.  
 
A hand-held computer helps to improve the accuracy and 
efficiency of EWS in acute hospital care and is 
acceptable to nurses. 
 
Tempting to think long-term solution is to improve 
mental mathematics training, but this would miss point 
that there are many distractions to mental tasks in a busy 
ward environment and also fail to recognize that the 
problem is endemic and that educational interventions  
take some time to filter through to front line healthcare. 
Furthermore, a rationale for increasing reliance on 
computers is to  release humans from the need to 
undertake mundane tasks, allowing them to focus on 
higher-order tasks 
 
EWS derived in a ward are associated with imperfect 
accuracy, even with the aid of a handheld. Further work 
is required to understand the sources of these errors and 
constraints on achieving 100% accuracy with the hand-
held computer. 
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Momtahan, K. L., Burns, C. M., Sherrard, H., Mesana, T., and Labinaz, M. "Using personal digital assistants and patient care 
algorithms to improve access to cardiac care best practices," Studies in Health Technology & Informatics 129 (2007): 117-21. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To demonstrate 
the viability and 
value of a cardiac 
Decision Support 
Tool (DST) on 
PDAs in 
delivering 
standardized care 
to cardiac patients 
in a  tele-triage / 
tele-consultation, 
when the 
presenting 
problem of the 
caller is chest pain 
Pilot clinical trial at a 
quaternary cardiac care 
hospital over a 3 month 
period in 2004 (?), during 
which the PDA based  
DST was used by the 9 
Nursing Coordinators 
(NC) who provide tele- 
triage/consultation 24/7. 
They were given free 
choice of using PDA or 
ordinary paper form. 
 
Outcomes included 
evaluations of: 
Appropriateness of 
advice as judged by 
patient‘s physician; 
Satisfaction with call and 
advice as judged by 
patient; 
Satisfaction with call as 
judged by NC. 
Log analysis of 
navigation and data entry. 
Interviews with NCs 
Decision 
Support Tool 
(DST) 
consisted of 3 
algorithms 
(Possible 
Ischemic pain, 
Cardiac 
surgery 
incision not 
working well, 
Cardiac 
surgery 
incision 
healing well).  
 
Implemented  
on Palm 
Tungsten T3 
Of  61 calls 46 (75%) were documented 
with PDA (N.B. freedom to choose). 
Advice considered appropriate in 97% of 
cases  34/37  (92%)  of responding 
patients were satisfied with call and 
advice . Median satisfaction of NC with 
using PDA was 4.00 (max 5). 
Analysis revealed that DST used mainly 
serially and without exploiting of ‗power 
user‘ features that provided flexibility to 
exit algorithms at any point using short-
cut icons to go to more relevant info for 
specific patient. 
Case-control type study revealed that 
documentation was more complete on 
PDA-based record than paper one 68% of 
time. 
 
NC like fact that DST encouraged 
structure and reminded them to ask 
questions they might otherwise forget. 
Saw that it provided a standard approach 
to patient assessment, produced more 
complete documentation and a more 
professional document to send to patient‘s 
cardiologist or surgeon and was more 
legible than the paper form 
Suggested that would be particularly 
useful for novice NCs 
7/9 NC thought PDA was more time consuming and 
there was some fear that info may get lost since system 
was not wireless and PDA/smartcard had to be docked 
with desktop PC, which was also more time-consuming 
than beaming or wifi transmission. 
 
Standardisation of care based on available evidence and 
best practice guidelines was seen as a major benefit. 
 
The cardiac teleform and embedded algorithms for DS 
provided a flexible interactive tool which resulted in 
[fuller] documentation of the NC‘s interaction with the 
patient. Reference to the evidence, where it exists, to 
support the recommendations for questions to ask and 
suggested courses of action to take were easily accessible 
in the tool. 
 
DS algorithms were based on capturing expertise of 
[local] experts so project also demonstrated viability of 
this approach 
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Newman, K., and Howse, E. "The impact of a PDA-assisted documentation tutorial on student nurses' attitudes," CIN: Computers, 
Informatics, Nursing 25 (2007): 76-83. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings .Summary/ 
Reported impacts 
To determine the 
effect of a PDA-
assisted 
documentation 
tutorial on fourth-
year student 
nurses‘ attitudes 
toward 
computerized 
documentation, 
anticipation to 
exercise of 
professional 
judgment when 
documenting, and 
satisfaction with 
computer 
technology for 
documentation. 
 
Queen´s 
University, 
Ontario, Canada. 
 
Pretest–posttest of 
 a PDA documentation 
tutorial designed to 
facilitate professional 
judgment  about patient 
data and change attitudes 
of fourth-year bacc. 
nursing students toward 
computerized 
documentation, their 
anticipation that they 
would exercise 
professional nursing 
judgment in clinical 
situations, and their level 
of satisfaction with a PDA 
for documenting. 
 
Student nurses who 
volunteered (56) /78 
attended a 3-hour training 
session outside class time 
on use of the PDA for 
documentation. 80% were 
20 to 24 years. 37% had 
10 years of computer 
experience 18.5% reported 
15 years of computer 
experience. 
Anticipation 
of use: 10 
items from 
Prof Nursing 
Autonomy 
Scale; 12 
items from 
Opinionnaire: 
Computering 
in Nursing (Q-
CN) for 
attitudes to 
computer use 
in nursing. 
(QUIS)Questi-
onnaire for 
User Interface 
Satisfaction v7 
‗Satisfaction 
with PDA‘ for 
overall 
reactions, 
utility of 
screen, ease of 
learning to use 
and 
satisfaction 
with tutorial. 
There were significant increases in 
anticipation to use professional 
nursing judgment and satisfaction with the 
PDA for documentation.  
 
Satisfaction with the PDA for 
documentation was positively and  
significantly related to attitudes toward 
computerized documentation (r = .46, P < 
.01), and satisfaction with a PDA learning 
tutorial (r = .46, P < .01). 
Attitudes toward computerized 
documentation, length of nursing 
experience, and satisfaction with the PDA 
learning tutorial predicted satisfaction with 
the PDA for documentation. 
Scores for attitudes toward computerized 
documentation did not increase 
significantly after the learning tutorial. 
However, the mean scores at pretest and 
posttest (M = 3.82; 3.86) were high, 
reflecting a ceiling effect. Scores that were 
high to begin with could not increase much 
on a limited 5-point scale. High mean 
scores indicate students held positive 
attitudes toward computerized 
documentation 70%  of 213 comments 
about the value of the PDA were 
favorable. 
 
Although the study was exploratory, it 
suggests that the PDA has the potential to facilitate 
effective documentation by supporting professional 
nursing judgment and promoting positive attitudes 
toward computerized documentation.  
 
Shaping positive attitudes toward computerized 
documentation at the undergraduate level can capitalize 
on students‘ eagerness to learn nursing practices and to 
experiment with innovative technology. It may be an 
ideal time to introduce and test new technologies, as well 
as new ways of thinking and doing. 
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O'Connor, C., Friedrich, J. O., Scales, D. C., and Adhikari, N. K. "The use of wireless e-mail to improve healthcare team 
communication," Journal of the American Medical Informatics Association 16 (2009): 705-13. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comparato
r 
Outcomes/Findings Summary/ 
Reported impacts 
To assess the 
impact of using 
wireless e-mail 
for clinical 
communication in 
an intensive care 
unit (ICU) 
Push wireless e-mail 
implemented over a GSM 
cellular network in a 26-
bed ICU during a 6-month 
study period. 
Daytime ICU staff 
(intensivists 4, nurses 19, 
others 9) used handheld 
devices (BlackBerry 7200) 
without training. 
E-mail traffic logged and 
recorded on hospital 
system (also during 5 week 
(month non-study) follow-
up after study period) 
(Jan/June 2007) 
Self-administered survey 
of ICU staff to measure 
wireless e-mail impact: 
perceived impact of 
wireless e-mail on 
communication, team 
relationships, staff 
satisfaction and patient 
care. Answers recorded on 
a 7-point Likert scale; 
‗favorable‘  if  5, 6, 7 
Usual 
alternatives to 
wireless 
e-mail left in 
place during 
study period 
(but usage not 
registered) 
 
ICU staff sent 5.2 (1.9) and received 8.9 
(2.1) messages (mean [SD]) per day.  
In a subsequent 5-month period, the 
volume of messages sent and received 
decreased by 35% (p <0.001)  
and 12% (p =0.018), respectively. 
Majority reported that wireless e-mail 
improved speed (92%) and reliability 
(92%) of communication, improved 
coordination of ICU team members (88%), 
reduced staff frustration (75%), and 
resulted in faster (90%) and safer (75%) 
patient care. 
Staff infrequently (18%) reported negative 
effects on communication. 
No reports of radiofrequency interference 
with medical devices. 
Wireless e-mail facilitated several novel 
ways to improve patient care and safety, 
including reducing disruption of care 
processes through handover and staff 
breaks.  
Estimate annual cost of operations 
(excluding cost of devices) to be 
17,000$Can. (N.B. no need for additional 
electronic infrastructure) in ICU (=less 
than 0.2% of ICU annual operating cost). 
Wireless e-mail users perceived a strongly positive 
impact on ICU communication, including increased 
speed and reliability of communication, improved 
message content, and faster response times, leading to 
more timely and safer patient care. Staff members also 
reported improved job satisfaction and team relationships  
 
The easy implementation and favorable response to 
wireless e-mail technology in this ICU are atypical of 
initial experience with other healthcare information 
technology and may reflect the high clinical impact of 
timely communication combined with reliable and user-
friendly technology 
 
Drawbacks of wireless e-mail were uncommonly 
reported and appeared relatively modest. Principal 
concerns related to a decrease in face-to-face clinician 
communication and inappropriate use of wireless e-mail 
for personal use. These underscore the need for 
continued face-to-face communication for more complex 
patient care issues, in addition to education and policy 
regarding appropriate use of wireless e-mail 
 
Further research should address the impact of wireless e-
mail on efficiency and timeliness of staff workflow and 
clinical outcomes 
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Park, Y., and Chen, J. V. "Acceptance and adoption of the innovative use of smartphone," Industrial Management &#38; Data 
Systems 107 (2007): 1349-1365.. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To investigate 
and model  
motivations 
affecting  smart-
phone adoption 
decision among 
doctors and 
nurses.  
Hypothesized 
that individual 
intention to use 
smartphone is 
mostly 
determined by 
attitude toward 
using smart-
phone, perceived 
usefulness  and 
self-efficacy. 
Other variables in 
model include 
comparability, 
observability, 
trialability, task, 
individual 
feature, and 
organisational 
environment. 
(Rogers 1995) 
Mailed multi-item (59) 
questionnaire on possible 
use of a smartphone in 
work as doctor or nurse. 
 
Midwest US hospital 
network multiples sites. 
 
16%  response rate 
includes 71 doctors and 20 
nurses +17 others +3 other 
staff + 22 non specified 
(823 questionnaires 
mailed; 135 received; 20 
not delivered= 133 usable) 
 
TAM (Technology 
Acceptance Model ) 
includes: 
PU = Perceived Usefulness 
PEOU = Perceived Ease of 
Use. 
 
 
 Behavioral intention to use was largely 
influenced by PU and attitude toward 
using smartphone. PU and PEOU 
positively determined attitude toward 
using smartphone. Impact of PU on 
attitude is stronger than that of PEOU 
 
PU was positively affected by PEOU, 
which is in turn positively influenced by 
self-efficacy. Perceived self-efficacy has a 
significant effect on PEOU and intention 
to use. This implies that if physicians feel 
confident about computing skills they 
generally demonstrate a higher perception 
of ease of use. 
 
Of Rogers‘s (IDT) innovation factors 
(observability, compatibility, trialability, 
task, individual features, organizational 
characteristics, and environmental factors)  
only observability and organizational 
characteristics were positively related to 
doctors‘ and nurses‘ adoption decisions. 
 
Using TAM in the investigation of medical doctors‘ and 
nurses‘ intention of smartphone use was successfully 
demonstrated.  
 
The results showed that attitude toward using 
smartphone plays the most powerful predictor for the 
user intention. PU played the second most powerful 
predictor followed by self-efficacy.  
 
One of the important implications is that organizational 
factors become a significant predictor of users‘ attitude 
toward innovative technologies. Implying management‘s 
enthusiastic support to individuals would promote 
positive cognitive attitudes toward using the new 
technology. 
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Pattillo, R. E., Brewer, M., and Smith, C. M. "Tracking clinical use of personal digital assistant reference resources," Nurse Educator 
32 (2007): 39-42  
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
1. track student 
use of PDAs in a 
junior-level 
introductory 
clinical 
nursing course 
2. compare and 
contrast the 
frequency 
of use of PDA 
resources with 
comparable text 
resources. 
Introduction to PDA use 
was included as part of 
required first semester 
basic computer skills 
course. And volunteers 
received hour-long PDA 
orientation session early in 
the semester. 20 junior-
level accelerated 
degree nursing students +8 
traditional nursing 
students, used PDAs over 
8 week clinical course. 
(All volunteered). 
Remaining 62 students in 
the junior class 
volunteered to track use of 
text resources and serve as 
the control group. Both 
groups (were supposed to 
log) logged usage weekly. 
PDA group responded to 
open-ended questions 
weekly on their 
perceptions of clinical 
effect/iveness of PDA. 
Dell Axim 
X50 
(PocketPC) 
loaded  with 
software 
programs from 
Skyscape., 
including 
Davis Drug 
Guide, Taber 
Medical 
Dictionary, 
Kozier‘s 
Fundamentals 
of Nursing, 
and  
Lippincott 
Manual of 
Nursing 
Practice 
 
Control group: 
text 
equivalents 
 
The PDA and textbook versions of both 
Davis Drug Guide and Taber‘s Cyclopedic 
Medical Dictionary were used significantly 
more often than all other PDA or text 
resources (P G .0001). 
No significant difference in frequency of 
use of the PDA version versus text version 
of  Davis, or the PDA version of Davis 
versus the PDA version of Taber‘s.  
PDA version of Davis was used more 
frequently than text version of Taber‘s (t = 
3.93, P G .05). PDA version of Taber‘s 
used significantly more frequently than 
the text version (t = 4.09, P G .05). 
Fundamentals texts used significantly 
more than PDA equivalents. 
 
Analysis of qualitative data yielded 
responses consistent with the quantitative 
results. Students reported the most 
effective use of their PDAs each week as 
being to look up (1) words and unfamiliar 
terms, (2) drugs, and (3) the meaning of 
laboratory values. Students also 
commented the PDAs allowed them to 
access information more quickly than 
having to seek out a textbook.  
Students consistently reported that looking up terms, 
laboratory values, or medications using the PDA made 
them a more effective nursing student and enhanced 
learning. Many students reported that the PDA ‗‗saves 
time.‘‘  
 
(The few comments received from the group tracking use 
of text resources most often referred to their using or 
borrowing PDAs from the students who had PDAs.) 
 
More frequent use of text version of the nursing 
fundamentals resource versus the PDA version indicates 
that fundamental nursing information is best accessed via 
a textbook away from bedside. 
 
The nursing profession needs to evaluate and identify 
what information a nurse must internalize to provide safe 
and effective patient care and what information can be 
readily retrieved from handheld devices without 
affecting patient safety.  
 
Nurse educators will then be faced with the task of 
altering the paradigm of nursing education to reflect 
appropriate usage of technology. 
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Polen, H. H., Clauson, K. A., Thomson, W., Zapantis, A., and Lou, J. Q. "Evaluation of nursing-specific drug information PDA 
databases used as clinical decision support tools," International Journal of Medical Informatics 78 (2009): 679-687. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To evaluate 
nursing-specific 
drug information 
database content 
on personal 
digital assistants 
(PDAs) in light of 
absence of 
guidance for 
nurses  to select 
the most credible 
and clinically 
dependable 
nursing specific 
drug database and 
potential  of 
guidance to both 
inform and 
increase adoption 
of these tools 
Seven nursing-specific 
PDA databases evaluated 
for scope (absence or 
presence of answer) and 
completeness (three-point 
scale) using 80 general 
category and 80 
subspecialty drug 
questions. 
Erroneous information was 
also tracked. 
 
Individual scope and 
completeness scores were 
delineated by rank order 
and chi square  performed 
to determine differences in 
scope and completeness 
scores between the 
databases. 
 
7  qualifying databases 
available for download to 
PDAs  were synchronised 
one time only during 
January 2008 
Davis‘s Drug 
Guide for 
Nurses 
(DDGN), 
Lippincott‘s 
Nursing Drug 
Guide 
(LNDG), 
Mosby‘s 
Nursing Drug 
Reference 
(MNDR), 
Nursing Drug 
Handbook 
(NDH), 
Nursing Lexi- 
Drugs (NLD), 
Prentice Hall 
Nurse‘s Drug 
Guide 
(PHNDG), 
Saunders 
Nursing Drug 
Handbook 
(SNDH). 
 
Davis‘s Drug Guide for Nurses (DDGN) 
and Nursing Lexi-Drugs (NLD) tied for 
highest scores for scope, including each 
answering 72.5% of the 160 evaluation 
questions. No significant differences 
existed between their scores and those 
earned by Nursing2008 Drug Handbook (p 
< 0.05). Highest scores for completeness 
were earned by NLD with 58.1% and 
DDGN at 57.1%. Saunders Nursing Drug 
Handbook was only database that showed 
a significantly lower score in completeness 
compared to other 6 databases (p < 0.05). 
Every database was guilty of at least four 
erroneous answers. Each category, except 
those evaluating outcome /response and 
mechanism of action, had at least 1 error. 
A 4.2% overall error rate was found, with 
PHNDG responsible for the highest 
number of errors at 7.5%.Categories where 
errors were most prevalent were: dosing 
(11.0%), compatibility/stability (7.7%), 
and pharmacokinetics (7.1%) 
Some errors in the nursing-specific 
databases were gross in nature and clearly 
capable of causing patient harm... but also 
occurrences where the database 
monograph simply was inconsistent with 
insert information. 
DDGN and NLD, were unable to answer over 25% of 
the questions. Additionally, four of the seven references 
evaluated were only able to respond to approximately 
half of the questions posed. This deficiency, when 
translated into practice for the nurse, would mean that in 
about half of the instances when the nurse refers 
to a suboptimal performing PDA database, the CDST 
would not satisfy its purpose: enhancing the clinical 
decision-making of nurses.  
 
All databases contained some erroneous information 
with lowest percentage of errors found in LNDG with 
the (2.5%). 
 
The availability of accurate and timely drug information 
at point-of-care can play a vital role in patient 
management and outcomes, but current resources that are 
available need to be improved. 
 
Error reduction needs to be a priority for all nursing-
specific databases... 
 
Nurses, as with all healthcare providers, are expected to 
strive for 100% accuracy in order to prevent patient 
harm, but utilization of flawed references makes 
realization of this goal difficult to approach. 
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Rivera, M. L., Donnelly, J., Parry, B. A., Dinizio, A., Johnson, C. L., Kline, J. A., and Kabrhel, C. "Prospective, randomized 
evaluation of a personal digital assistant-based research tool in the emergency department," Bmc Medical Informatics and Decision 
Making 8 (2008). 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Prospectively 
compared 
PDA and paper 
data collection 
instruments in the 
emergency 
department in 
terms of 
efficiency, time 
required, and data 
errors generated. 
A prospective, randomized 
trial comparing traditional 
paper form and a PDA-
based data-collection 
instrument in terms of 
time required for 
information gathering, the 
time required for the 
transfer of data to a 
computer database, and 
number of data errors 
generated during data 
collection and/or 
transcription.  
 
Study was performed from 
Sept2005 -Jan06 in ED of 
Mass Gen. Hospital. 
Patients were eligible for 
enrolment if they 
presented to ED and 
underwent diagnostic 
testing for acute 
pulmonary embolism. 
The transcribers used for 
this study were emergency 
medicine residents hired at 
an hourly rate  
Tungsten-C™ 
PDAs 
PalmOS™ 
v5.0 
operating 
system.  
 
Study PDAs 
were 
configured so 
that study data 
were uploaded 
(via 
HotSync®") 
from the PDA 
to a Microsoft 
Access™ 
database 
located on a 
secure desktop 
computer. 
 
Mean data collection times were 6:00 
minutes for 31 paper and 6:13 minutes for 
37 PDA forms (p = 0.460).  
For the 29 paper forms available at the 
time of transcription, transcription times 
ranged from 2:13 minutes to 5:33 minutes 
per document (mean 3:18 minutes), 
resulting in a statistically significant 
difference in mean total data gathering 
times between paper (9:12 minutes) and 
PDA (6:13 minutes). 
 
Error rates were significantly higher for 
paper (1.6 errors per form) versus PDA 
(0.2 errors per form; p < 0.001;  
Missing data errors occurred most 
frequently, at rates of 0.8 per paper form 
and 0.1 per PDA form.  
 
Vitals signs accounted for the majority of 
missing variables for both methods (10/22 
for paper; 3/5 for PDA). 
 
Despite inherent challenges using the 
miniaturized  PDA screen and keyboard, 
data gathering times were not significantly 
different. 
 
Importantly, this study was initiated several months 
subsequent to the development of the PDA program, 
allowing enrolment personnel to familiarize themselves 
with the new devices. Hence, it can be inferred that data 
collection occurred when the learning curve was 
relatively flat for the use of either paper or PDA 
instruments. 
 
We did not incorporate into our analysis the time 
required to program the PDAs or to train the research 
team in the use of the devices. As such, a broad 
comparison of resource utilization is limited. However, 
the forms and systems generated are very flexible once 
created. 
 
PDAs can be successfully used to collect prospective 
clinical data in an emergency department setting.  
 
PDAs outperform  paper-based methods in terms of both 
efficiency and data integrity. 
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Rodriguez, N. J., Borges, J. A., Crespo, G., Perez, C., Martinez, C., Colon-Rivera, C. R., and Ardin, A. "Users can do better with 
PDAs than paper: a usability study of PDA-based vs. paper-based nursing documentation systems," Universal Access in Human-
Computer Interaction. Applications and Services. 5th International Conference, UAHCI 2009. Held as Part of HCI International 
2009, 19-24 July 2009. Berlin, Germany: Springer Verlag, 2009. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To get insight on 
aspects that need 
considerations in 
transition from 
paper-based 
system to PDA- 
based system. the 
interaction of 
nurses with PDA-
based and paper-
based nursing 
documentation 
systems in terms 
of performance 
and subjective 
satisfaction. 
Twenty staff 
performed twelve 
tasks on 
each system. 
20 RNs in metropolitan 
hospital Cardiovascular 
unit, none with previous 
HH experience. 
 
Cross-over design  
(20-10+10 reversed task 
on HH vs. paper) 
 
Questionnaire of user 
satisfaction on 7 point 
Likert scale on 9 
interaction aspects and 5 
system aspects. 
And time for task 
completion. 
 12 tasks and except for writing a note all 
HH were significantly faster.  
 
E.g. entering of vital signs were 44 sec on 
paper and 32 on HH. 
 
On 7 point scale this was rated 5,2 versus 
6,8 on HH.  
 
All system aspects (accessibility, 
trustworthiness of info and system 
security) rated 1 point higher with HH. 
With minimal training (18 min-introduction) all learned 
the us of hh fast; with trend of younger RNs faster than 
the elder. 
 
Conclusion of abstract: 
Nurses were significantly more satisfied with the PDA-
based system than with the paper-based system with 
every interaction and system aspect evaluated on the 
study.  
 
In general the results of the study provide hard evidence 
to predict an easy transition for nurses from a paper-
based system to a PDA-based system nursing 
documentation 
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Sallas, B., Lane, S., Mathews, R., Watkins, T., and Wiley-Patton, S. "An iterative assessment approach to improve technology 
adoption and implementation decisions by healthcare managers," Information Systems Management 24 (2007): 43-57.. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
We introduce the 
User-in-Context 
Iterative 
Assessment 
(UCIA) approach 
as a means of 
overcoming 
common 
problems in IT 
implementation.  
 
The goal is to 
provide a 
growing 
and detailed 
knowledgebase 
about users, the 
workflow, and 
the work 
environment as it 
relates to the 
introduction of 
the technology.  
 
The UCIA approach seeks 
data about four basic 
components and their 
interactions: the user, the 
workflow, the user‘s 
context, and the system 
(technology). 
 
The UCIA approach has 
five phases: Context 
Modeling, Baseline and 
Initial Use, Assessment, 
Post-Implementation 
Assessment, Analysis, 
and Future 
Implementations. 
 
We provide a case study 
where UCIA approach was 
used to assess the piloting 
of a handheld medication 
administration device for 
nurses in a medical-
surgical ward. 
 The user component consists of the 
knowledge, skills, attitudes, and physical 
capabilities that individual users bring to 
their work. The workflow component is a 
description of the tasks which users are 
called upon to do and includes the 
physical, cognitive, and communication 
skills that are required to perform those 
tasks. The user context component is the 
environment in which the tasks must be 
performed, and includes physical, social 
and psychological (e.g., morale) aspects of 
working conditions.  
The system component concerns all the 
technologies that users utilize, not only the 
specific technology to be implemented. 
 
One advantage of the UCIA approach is 
that a project is evaluated based on 
multiple criteria... IT implementations are 
often judged on whether or not the 
technology is adopted by users. Another 
typical way of assessing an 
implementation is to focus on one or two 
measures of performance based on initial 
goals for the project... 
UCIA uncovered data in the first phase that suggested 
that major changes to nursing performance were 
unlikely, and so expectations became more realistic. 
Further, we were able to pinpoint problems that could be 
remedied in the rollout. Although particular technical 
problems were remedied improvements after they were 
identified, users abandon the new technology if older, 
more stable, alternatives are available — as with nurses 
in our study, who could simply return to the laptops. 
 
... there must be a commitment to the core value of 
understanding users and their context, and continuing to 
build upon knowledge acquired from each 
implementation. This viewpoint has the benefit of aiding 
both short-term (Should we purchase this software 
package?) and long-term (How do we improve the 
quality of nursing care and reduce costs? ) decisions, and 
not only those strictly to do with technology... our 
findings demonstrate the utility of looking at the entire 
work system (e.g. medication ―loop‖ from doctor to 
pharmacist to nurse) in focusing IT resources. 
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Scollin, P., Healey-Walsh, J., Kafel, K., Mehta, A., and Callahan, J. "Evaluating students' attitudes to using PDAs in nursing clinicals 
at two schools," CIN: Computers, Informatics, Nursing 25 (2007): 228-235. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To explore 
student‘s attitudes 
toward the use of 
PDAs in a 
clinical setting 
and to determine 
if the 
manner in which 
the technology 
was introduced 
affected the 
formation of 
these attitudes. 
Boston and Lowell 
campuses of Uni of 
Massachusetts offered 
nursing faculty and 
students PDAs containing 
medical / nursing 
databases for use during 
clinical rotations. Boston  
loaned PDAs to 48 
students during two 
semesters (survey response 
95.8%). Lowell loaned 72 
(77.8% response rate). 
 
21-item  revision of 
Yoost‘s, including items 
about instructor use of 
PDA, sources used during 
clinical, frequency of use, 
overall satisfaction, and a 
rating of efficiency. 7 
items used 5-point Likert 
scales to rate PDA as a 
learning tool. Others asked 
what user dis-/liked and 
what staff and patients 
thought of the PDA.  
All asked at the end of 
their clinical rotation. 
 Lowell:98% agreed or strongly agreed that 
PDA enhanced their learning; 85% agreed 
or strongly agreed that PDA helped them 
retain reference knowledge; 91% agreed or 
strongly agreed that overall they were very 
pleased with the PDA as a learning tool. 
Boston: 18% disagreed or strongly 
disagreed that the PDA enhanced their 
learning, and only half as many students 
agreed or strongly agreed compared  with 
Lowell‘s students; 38% disagreed or 
strongly disagreed that the PDA helped 
them retain reference knowledge, and 
again only half as many students agreed or 
strongly agreed compared with Lowell‘s 
students. Students feared loss; fine of 
1000$ reduced to 300$. 
 
Clearly, the progressive, supportive, 
encouraging environment established at 
Lowell by the champions of this 
technology mattered: the method by which 
the innovation was introduced and 
supported affected  the formation of 
attitudes toward the innovation and its use 
and acceptance as a learning tool at the 
point of care.  
Students‘ attitudes to the PDA at the point of care were 
influenced by a number of factors, the most important 
being the involvement of faculty as champions of the 
technology.  
Giving faculty access to the technology and having 
others who have adopted its use early on act as mentors 
can have a positive effect on  the acceptance and 
adoption of the technology. 
 
As Gladwell points out in The Tipping Point, one does 
not need large numbers to reach the critical mass that 
causes something to tip and start an epidemic of 
diffusion. Having champions of a technology can be the 
catalyst. 
 
Clinical faculty members are in a pivotal position to 
introduce, encourage, and support their students‘ 
adoption of a technological innovation.  
 
Their preparation, training, willingness and ability to 
model the desired use of the technology are essential in 
fostering extensive acceptance and adoption of an  
innovation such as a PDA 
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Somoza, K. C., Momtahan, K., and Lindgaard, G. "Effects of a computerized cardiac teletriage decision support system on nurse 
performance: results of a controlled human factors experiment using a mid-fidelity prototype," Studies in Health Technology & 
Informatics 129 (2007): 97-101.. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Develop and test 
a PDA-based 
Decision Support 
System (DSS) for 
cardiac care 
nurses engaged in 
tele-triage, where 
the  DSS 
incorporates best 
practice 
algorithms into 
an interface that 
supports nurses in 
asking correct 
questions and 
assists in 
gathering patient 
information 
 
 
University of Ottawa 
Heart Institute (UOHI), 
Canada. NB. ACUTE 
CARE, cardiac/chest pain 
calls 
  
Pre-post study. 
12 nurses completed 
baseline using only pen 
and paper when on phone 
with patient. 7 of these 
subsequently completed 
DSS test. 
No real patients/ 
Conversations 
 
Quality of assessment 
measured ability to ask 
right questions 
Quality of 
recommendations 
measured ability to give 
patient correct advice 
based on the presenting 
problem in each scenario. 
Best practice 
algorithms for 
4 types of  
complaint in 
DSS: 
Non-urgent 
cardiac 
surgery 
(e.g. PPS), 
Urgent cardiac 
surgery 
(e.g. 
tamponade); 
Non-urgent 
cardiology 
(e.g. stent 
pain); 
Urgent 
cardiology 
(e.g. ischemic 
pain) 
Palm 
Tungsten T3 
with only the 
built in 
software, plus  
DSS running 
on Toshiba 
tablet 
Cardiac floor nurses´ assessment quality 
performance improved with DSS but 
recommendation quality performance did 
not. 
 
Why? Nurses were not provided with the 
recommendations contained on the DSS 
[because] cardiac floor nurses would be 
expected to give good recommendations 
without assistance. 
 
Nurses asked more questions via the T3 
with DSS than without it and these 
additional questions were predominantly 
essential or beneficial to a good 
assessment. 
 
User satisfaction: 
Easy to learn/info helpful/satisfied etc (7.4 
or 7.5/10) 
Easy to use/find info/navigate (5.2-6.1/10 
Cardiac floor nurses improved their assessment quality, 
but not their recommendation quality with the DSS 
compared to without it. Participant satisfaction with the 
DSS averaged above neutral. 
 
Developing prototype on Tablet allowed researchers to 
see what users were doing. During opportunity for 
informal feed back on the T3 none thought it too small to 
use but would be advisable to check if any interface 
elements would be hindered by reduction in screen size. 
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Stroud, S. D., Smith, C. A., and Erkel, E. A. "Personal digital assistant use by nurse practitioners: a descriptive study," Journal of the 
American Academy of Nurse Practitioners 21 (2009): 31-8. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
 
Describe the 
prevalence and 
patterns of use of 
personal 
digital assistants 
(PDAs) among 
active nurse 
practitioners 
(NPs). 
 
A descriptive web-based 
survey was conducted 
among NPs in US (n = 
126; 27% response from 
473 sample). 
 
Participants were 
randomly selected from 
members of the American 
Academy of NPs who had 
a practice site listed. 
Average 7 yrs work as NP. 
Predominantly female 
white and Masters 
prepared. 
 
The 27-item questionnaire 
included: (a) 15 closed-
ended items related to 
perceptions, duration, 
frequency, and types of 
PDA use, 5 open-ended 
items related to 
personal descriptions of 
PDA use, and 7 items 
related to participant 
characteristics. 
 Among all respondents, 64% (79/124) 
reported using a PDA. Men, adult NPs, 
and those with the highest educational 
degree, were most likely to use a PDA.  
 
A large majority of PDA users obtained a 
PDA to help them access data that would 
support diagnosis and treatment options 
 
PDA brands using the Palm operating 
system (Palm OS) were the dominant 
choice (82%), with Palms used by a 
majority of PDA users.  
 
Respondents used only a few PDA features 
on a daily basis (m = 3.3, SD = 1.4).  
 
Most reported daily use of electronic 
clinician reference materials, such as a 
drug reference, medical text, or practice 
guidelines. 
 
A drug reference program was named as 
the most useful type of software: 92% of 
the 78 PDA users who had installed at 
least one medical software program 
selected a drug reference program as the 
most useful (82%) or second most useful 
(10%) type of PDA software. 
 
 
98% (121/124) believed that the PDA is a valuable tool 
for NPs in clinical practice. Among PDA users in the 
sample (n= 79), the great majority perceived that the 
PDA increased productivity (75%), promoted patient 
safety (89%), and supported decision making (91%). 
 
Most users perceived that use of a PDA in practice 
enhanced their productivity and improved patient safety. 
A few respondents stated that they were fearful of the 
integration of handheld computer technology into patient 
care. 
 
Despite generally positive clinician perceptions of PDA 
use, there is scant evidence in the literature on the 
effectiveness of PDAs in patient care and only anecdotal 
evidence that PDAs facilitate application of evidence-
based knowledge by NP students (Stroud et al., 2005). 
 
Our respondents‘ perceptions that most patients would 
respond unfavorably to use of a PDA during patient 
encounters is out of line with evidence and may be 
providers‘ projection of their own discomfort onto their 
patients. 
 
Research results are needed to assure that PDA use in 
clinical settings consistently promotes safe, reliable, and 
appropriate care as well as positive patient–provider 
interactions. An evidence base must be developed to 
guide use of the PDA in solving clinical problems and 
preparing NPs for practice. 
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Tassani, S., Baruffaldi, F., Testi, D., Cacciari, C., Accarisi, S., and Viceconti, M. "Personal Digital Assistant in an orthopaedic 
wireless ward: the HandHealth project," Computer Methods & Programs in Biomedicine 86 (2007): 21-9. 
Aim Participants/ 
Setting/Methods 
Interv Outcomes/Findings Summary/ 
Reported impacts 
To verify the 
feasibility of a 
structure in which 
the PDA is only a 
means of data 
entry and display 
and all 
functionalities are 
stored in a remote 
server. 
 
To report some 
preliminary 
findings and  
illustrate  the 
application in 
practice in an 
orthopaedic ward 
(in the IOR, 
Bologna) 
A wireless net was realized 
in an orthopaedic ward.  
 
Using the system patient 
ward data can be collected 
through a predefined form 
and then visualized on 
PDA.  
 
Medical images can be 
shown on the PDA, but 
also transferred to a nearby 
high-resolution monitor.  
 
Large amounts of data can 
be dictated and translated 
by continuous speech 
recognition software,  it 
being possible to send a 
maximum of 2 min voice 
file.  
 
Once the translation was 
copied it was possible to 
visualize it on the PDA 
display, so as to apply 
some fast corrections.  
 
A remote work permitted a 
more comfortable 
correction environment. 
The PDA can 
dialog 
anywhere and 
any time with 
the Health 
Information 
System (HIS) 
by means of a 
web server.  
 
Data were 
directly read 
and written in 
the HIS 
database, no 
synchro-
nization was 
needed 
Authentication was done by means of a 
RFID badge. Thirty-two personal badges 
were distributed to 21 nurses and 11 
orthopaedists. User name and personal 
password were stored in the RFID badge. 
The used badges were passive, and during 
the authentication procedure were 
activated by the PDA. The excited badge 
could be powered by the emitted radio-
waves so as to send back the information 
stored. The range of the RFID antenna up 
to 10 cm.  
The hardware environment consisted of 
one PC server, one UNIX DataBase 
Server, one PC client for RX display and 
speech recognition control, five PDAs for 
remote access and four Access Point (AP) 
for 10 Mbps wireless connectivity. 
Security access  guaranteed by use of 
Radio Frequency IDentification (RFID) 
badges. 
 
A 2 months demo was realized 
in orthopaedic ward. Orthopaedists and 
nurses carried out 362 accesses by using 5 
PDA. A barcode was assigned to 197 
patients and 1435 nurse reports were 
obtained. 220 RX images were available 
for PDA visualization. Sixty-three vocal 
reports were saved and translated.. 
Problem of PDA memory completely avoided.  
 
It was possible to use software that usually require more 
computational power or memory than in a common 
PDA, and without a specific PDA projected software. 
 
Wireless connectivity must be carefully designed. 
Simultaneous access by several users‘ to download 
information can overburden the net. Approximately 40 
PDA crash events were recorded... probably related to 
net connectivity, bounded to nature of the selected 
PDAs. Whole system was completely server dependent. 
As in most common net structures, data were not 
available if the server was not accessible. Twin backup 
server clearly needed. 
 
PDA limitations are numerous. Input device and monitor 
resolution are limited by device size and choice of 
specific programs and amount of storable data are 
limited by the quantity of memory.  
 
During the HandHealth project a system was developed 
using PDA as only a means to access data and use 
functionalities that are stored in a remote server.  
 
This is a valid solution for better exploiting the PDA 
potentialities.  
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Vandenkerkhof, E. G., Hall, S., Wilson, R., Gay, A., and Duhn, L. "Evaluation of an Innovative Communication Technology in an 
Acute Care Setting," Cin-Computers Informatics Nursing 27 (2009): 254-262. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To assess 
perceptions and 
attitudes of staff 
toward the use of 
a wireless 
communication 
device (Vocera) 
and to compare 
communication 
patterns and their 
efficiency before 
and after 
deployment 
Focus group to develop 
study and ensure involve-
ment. A pretest-posttest 
quasi-experimental design  
including paper-based 
survey and time and 
motion study.    
 
Theory of Planned 
Behavior used to identify 
factors influencing 
intention to use new 
technology 
 
T&M study to determine 
comm patterns, time 
required and distance 
walked for key comm 
activities before and 4 
weeks after deployement. 
38 bed General surgery 
unit  April June 2007 
 
All unit staff (RNs, PCAs  
clerks) surveyed. 
Vocera 
consists of 
system 
software (incl  
a speech 
recognition 
program, 
management 
call programs 
and 
organisational 
databases), 
plus Badge 
worn by users. 
Hands-free 
communi-
cation except 
for initiation 
of call. 
 
 Information 
sessions plus 1 
hour practical 
orientation to 
device and 
system. 
Attitudes, subjective norms, and perceived 
control explained 25% of the variation in 
behavioral intent before and 45% of the 
variation in behavioral intent after Vocera 
implementation. 
The time for key communication activities 
was reduced by 25% overall. On average, 
each nurse engaged in these activities 16.2 
times a day before Vocera and 11.6 times a 
day with Vocera.  
 
Response: (anonymous, voluntary) 
80% pre 74% post. 
97% of respondents believed Vocera  
improved workflow by reducing  3 main 
non Value Added activities: 
57%  reduction in time spent walking to 
and from phone (from 6.9 to 2.9 times per 
shift) 
45% reduction in time looking for others 
to respond to a call or provide assistance 
(30 to 17 secs per event) 
32% reduction in time searching for  
medication  keys button infrequent for stat 
significance 
Distance walked reduced from 5.1 to 4.8 
km but study not powered to detect 
statistical significance in this. 
Attitudes predicted intention to use before 
implementation but perceived control predicted adoption 
after implementation. 
 
Ongoing involvement of staff through all phases, plus 
onsite technical support were important contributors to 
success. Introduction of new communication technology 
must account for user attitudes before implementation. 
  
Vocera reduced non-VA activities such as locating and 
obtaining supplies or looking for personnel; compensated 
for poor comm systems that produced  ‘phone tag‘ with 
off-unit clinicians... 
 
By allowing direct and immediate communication with 
appropriate staff Vocera improved "hand-off", was 
almost universally perceived to be of benefit, and has the 
potential to improve patient safety and work 
environments. This may also translate to reduction in 
healthcare resources. 
 
Research is necessary on effect on quality of 
communication, impact on privacy and nature of 
decision making. 
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Williams, M. G., and Dittmer, A. "Textbooks on tap: using electronic books housed in handheld devices in nursing clinical courses," 
Nursing Education Perspectives 30 (2009): 220-5. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
To 
a)retrieve 
practices of ref. 
access 
b) explore use of 
e-books on pdas 
c) assist role of 
pda for clinical 
practice by library 
services for 
nursing students 
 
Regional health care 
center IL, USA 
 
63 intervention (61 
controls) 
 
PxP/c and written 
comments and verbal 
feed-back sessions Study 
from 2002-2005 
 
Attitudes by 5 point Likert 
scale  pre- et post plus 4 
extra q re project 
experience   
 
Int.gr. HH 
with e-book 
package (3 e-
books, drug 
handbook and 
patho-
physiology 
text), control 
did not. 
Intervention group:100% found e-books 
made preparation more efficiently vs 40%. 
HH gave rapid access to information rated 
80% vs 40% in control group among 
juniors. Among seniors intervention group 
were 85.7% vs 57% in regard to access of 
information.  Most students said e-package 
was easier to use and gave them extra 
confidence. 
 
 
78 
Wu, C.-C., and Lai, C.-Y. "Wireless handhelds to support Clinical Nursing Practicum," Educational Technology and Society 12 
(2009): 190-204. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Reports on 
implementation 
and evaluation of 
a wireless 
handheld learning 
environment to 
support students 
enrolled in a 3 
week Clinical 
Nursing 
Practicum course 
in a psychiatric 
ward.  
Evaluation 
focused on 3 
questions:  
(1) the perceived 
advantages and 
disadvantages 
 (2) the benefits 
of the PDA-
supported clinical 
practicum as 
compared to the 
previous ones; 
 (3) the issues 
that might occur 
Six female students, 
experienced PC users, 
provided with a PDA 
equipped with IR, 
Bluetooth, and WiFi. 
Could use IR to share files 
with each other, Bluetooth 
to submit materials to or 
from instructors notebook,  
and WiFi to access 
Internet.  
Instructor‘s notebook and 
PDA were also equipped 
with WiFi capabilities. 
 
Wireless handheld learning 
environment was field 
tested during a three-week 
practicum session. 
 
Evaluations via 
questionnaire, interviews, 
student journals, research 
journals. Notably we asked 
participants to compare 
previously attended 
practicum sessions with 
present one so 
effectiveness of handheld 
learning environment 
could be identified. 
HP iPAQ 
2210 with 
functions 
Announce-
ments; 
Patient’s ABC 
and Symptom 
assessment 
online tools; 
Reflective 
journal;  
Dictionary; 
Resources 
PDA tips, 
nursing 
procedures, 
and other 
links. Forum  
for online 
discussion; 
Interview tool 
to records 
audio; 
Portfolio to 
organize 
homework and 
learning; 
Concept map 
application 
tool (PICO) 
Analysis showed both the instructor and 
the student benefited from using the 
wireless PDA environment.  
 
Students enjoyed convenience and time-
saving aspects, which were confirmed by 
the nurses‘ observations.  
 
Nurses in the clinical sites indicated that 
students integrated more theories into 
practices and became better organized in 
learning.  
 
Regarding Bluetooth and IR, students 
loved its ―quickness‖ because files could 
be transmitted directly without connecting 
to a computer network. All enjoyed 
sharing files and thought it convenient in 
facilitating discussion and learning from 
others. 
 
Nurses envied students‘ access to PDAs 
and expressed the desire to use PDAs in 
their future practice.  
 
Patients quickly got used to the 
students‘  use of PDAs, eventually viewing 
them as almost routine tools of the clinical 
staff. 
Issues needing to be addressed from our implementation 
included capacity of handhelds, network access, and 
participants‘ preconceptions on using PC-based systems. 
 
The instructor considered her students became engaged 
and self-directed in learning, attained better theory 
knowledge, and had stronger self-confidence. The 
symptom assessment scales and concept mapping tool 
had played a crucial role in the improvement of students‘ 
learning. When assessing a patient‘s problem, students 
had to follow the assessment scales item by item to 
determine symptoms. In doing so, they clearly learned 
the definitions of symptoms and the procedures for doing 
assessment.  
 
The PDA-based tools acted as learning scaffolds to 
support students‘ assessing patients, organizing ideas, 
and allowed for reflection of students‘ learning 
 
The instructor stated that the handheld environment was 
a great ―breakthrough‖ in what had been years of 
difficulties in conducting effective clinical practicum.  
 
The wireless handheld environment not only provided 
students with tools for taking notes, recording 
information, and accessing resources but also facilitated 
their collaboration with peers and improved interactions 
with the instructor. 
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Wu, Q. F., Liu, H., and Dong, H. L. "Development and Application of Mobile Nursing Information System Based on PDAs," 2008 
International Seminar on Future Information Technology and Management Engineering, Proceedings (2008): 564-567.. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
 Describes a mobile nursing 
information system based 
on PDA and WLAN which 
has been tested and 
operated well in many 
hospitals in Xiamen 
(China) and welcomed by 
nursing personnel.  
 
It is proved that its 
application greatly 
improves working 
efficiency of nursing 
personnel. 
 Comparative Efficacy of Traditional / 
Mobile Nursing Information Systems: 
 
Rate of Nursing Defects 3.06% /0.64% 
 
Rate of Patients‘ Satisfaction 95.4% 
/98.2% 
 
Rate of Qualified Nursing Records 94.0% 
/99.8% 
 
Duration for Collecting Patient Bedside 
Physical 1h/0.5h 
 
Duration for Accomplishing Shift Reports 
2h /0.5h 
 
Clinical experiment confirms that the system optimizes 
the workflow of nursing, offers more chances for 
improving the service quality of nursing, and helps 
nursing personnel get rid of fussy and low-efficiency 
work mode. 
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Yi, M. Y., Jackson, J. D., Park, J. S., and Probst, J. C. "Understanding information technology acceptance by individual professionals: 
Toward an integrative view," Information & Management 43 (2006): 350-363. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Develop a model  
of technology 
acceptance by 
individual 
professionals 
(only physicians) 
which integrates 
the key constructs 
of TAM 
(perceived 
usefulness 
and perceived 
ease of use), TPB 
(subjective norm 
and  perceived 
behavioural 
control), and IDT 
(result 
demonstrability, 
image, and PIIT)  
Test the model 
with healthcare 
professionals 
(physicians) 
8 variable, 15 hypothesis 
model drawing on TAM 
(Technology Acceptance 
Model), TPB (Theory of 
Planned Behavior) , IDT 
(Innovation  Diffusion 
Theory) and PIIT 
(Personal Innovativeness 
in IT) 
Behavioral intention, a 
person‘s subjective 
probability to perform a 
specified behavior, as 
the dependent variable  
 
Testing via  survey-based 
cross sectional design:  
28 item, 7 point Likert 
questionnaire sent to 301 
resident and faculty 
physicians in seven family 
practice residency 
programs in eastern US  
 
 Response rate of 74.4%. 41% reported 
using a PDA, mostly in outpatient clinic 
and hospital settings. And usage was 
mostly voluntary (92.2%). 
 
T he model  explained substantial variance 
in perceived ease of use (R2 = 0.70), 
perceived usefulness (R2 = 0.49), and 
behavioral intention (R2 = 0.57), and 
modest variance in perceived behavioral 
control (R2 = 0.29), result demonstrability 
(R2 = 0.31), and image (R2 = 0.24). 
 
Only two of the 15 hypothesised paths 
were non-significant: between PIIT and 
image (H13; g = 0.07, t = 1.01, ns) and 
between perceived ease of use and 
behavioral intention. 
 
There was no direct effect of PIIT on 
perceived usefulness (g = _0.01, t = _0.09, 
ns) over and above the mediators in the 
model. 
The model explained 57% of physician‘s intention to 
accept an innovation. Collectively, the model 
successfully related the three streams of research and 
identified the factors that determine the physicians‘ 
intention to accept this new technology. 
 
Perceived behavioral control influenced behavioral 
intention indirectly through perceived ease of use and 
perceived usefulness. Subjective norm influenced 
perceived usefulness directly and indirectly via image. 
Thus both internalization and identification processes 
affect physician‘s acceptance of this new technology.  
 
Findings indicate, that PIIT is a distal determinant of 
professional user acceptance, achieving its influence 
indirectly through mediators such as result 
demonstrability, perceived ease of use, subjective norm, 
and perceived behavioral control. 
 
Exploiting a social network to enhance the subjective 
norm and augmenting the control perceptions through 
adequate resources and skill training should be actively 
pursued to facilitate technology acceptance. 
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Yu, F., and Houston, T. K. "Do "most wired" hospitals deliver better care?," Jt Comm J Qual Patient Saf 33 (2007): 136-44 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
   Compares performance of ‗Most Wired‘ 
and comparator hospitals on 10 objective 
quality indicators in relation to cardiac and 
pulmonary care. MW list for 2004, quality 
measures for 2005. Top 100 wired 
hospitals identified annually by self-
reported survey data on IT deployment to 
support patient safety and quality care. 
MW hospitals outperformed others in all 
but one indicator but after adjustment for 
not-for-profit status, teaching/non-teaching 
status and nurse-staffing ratio they 
performed better on only 2 of 10 
indicators. They never performed 
significantly worse after adjustment. 
(Nurse-bed ratio 1.41/1.19; % non-profit 
87/61; teaching 18/6).   
Conclusion:  
MW designation may be a marker for other 
characteristics associated with and responsible for higher 
performance. Teasing out independent effect of IT 
implementation is difficult and future research is needed 
to identify useful measures of IT implementation that can 
independently predict quality. 
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Zhang, H., Cocosila, M., and Archer, N. "Factors of Adoption of Mobile Information Technology by Homecare Nurses: A 
Technology Acceptance Model 2 Approach," Computers Informatics Nursing 28 (2010): 49-56 10.1097/NCN.0b013e3181c0474a. 
Aim Participants/ 
Setting/Methods 
Interv/ 
Comp 
Outcomes/Findings Summary/ 
Reported impacts 
Test empirically 
the Technology 
Acceptance 
Model 2 (TAM2) 
in relation to 
mobile 
technology 
support for 
homecare nurses 
in Ontario, where 
paper based 
operations were 
replaced by 
wireless PDAs - 
in the initial 
phase studied 
here only for 
managing 
medical supplies 
and collecting 
data on wound 
care (40% of 
visits) 
To ensure end-user 
involvement a sample of 
up to 10 nurses was 
involved in every step of 
planning, development and 
implementation. 
 
An ex ante Return on 
Investment (ROI) analysis 
indicated net savings on 
tangible costs alone, with 
anticipated reductions in 
errors and delays also 
expected to  be substantial. 
These expectations 
verified post-
implementatation  
(Ref 15: Archer 2007) 
 
9 hypotheses derived from 
the TAM2 model tested 
through items in survey of 
91 nurses who used PDAs 
for 4 weeks 
 Constructs and measurements met required 
levels of convergent and discriminant 
validity  (except 1 measure) 
 
84/91 valid responses 
 
Hypotheses supported (6/9)  
> = positive relationship expected 
 
Subjective norm [SN] > Image  
SN > Perceived Usefulness [PU] 
Image > PU 
Perceived Ease of Use [PEOU] > PU 
PU  > Adoption intention 
PEOU > Adoption intention 
Not supported (3/9): 
 
Job relevance > PU 
Output quality > PU 
Results demonstrability >PU 
N.B. Computer experience did not 
influence the Image associated with the 
use of wireless mobile system, its 
perceived usefulness or user intention to 
adopt the technology 
PU and PEOU explained a significant proportion of 
intention to use the wireless mobile technology and 
PEOU was a significant  influence on PU (in keeping 
with TAM2) 
 
 
Usefulness was perceived if people important to them in 
their jobs think they should use the technology, and .if 
this involves a better image in the organisation and 
social/work group. Job relevance, result demonstrability 
and output quality were found to have no influence on 
adoption intention.  
 
Nurses (overall) not influenced by the importance of 
using the technology, by the quality of output from it or 
by the observability / appearance of the results. 
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 APPENDIX 9  DERIVING THE MCDA STRUCTURE FROM THE mini-HTA FORM 
 
Ten key attributes were derived from the 26 items of the Danish ―mini-HTA‖ form*. 
 
Of the remaining 16, seven questions of fact (1, 2, 3, 4, 11, 12, and 20) do not impinge on the evaluation of the policy options and are assumed to 
be answered satisfactorily outside the analysis. Questions 6, 7, and 10 are covered in the preceding review. Questions 23 and 24 are subsumed 
within one of the 10 attributes (Net Financial Outcomes). Questions 5 and 26 are dealt with within the analysis. And questions 16 (physical 
practicality) and 19 (timing) are left to be answered in the light of subsequent consultations with relevant administrative personnel and policy 
makers. 
 
The four perspectives of the mini-HTA are covered, though we have found it fruitful to incorporate the relevant parts of the Technology 
Perspective within an expanded Patient one. 
 
The ten attributes which emerged, along with the corresponding mini-HTA item, were as follows: 
 
Attribute 1: Patients: Effectiveness 
 
8: What is the effect of the proposal for the patients in terms of diagnosis, treatment, care, rehabilitation, and prevention? 
Please provide a short summary of the most important conclusions of above references (for instance the effect of the proposal on the mortality, 
morbidity, functional capacity, quality of life etc. of the patients). 
 
Attribute 2: Patients: Safety 
 
9: Does the proposal imply any risks, adverse effects or other adverse events? 
The risks, adverse effects and other adverse events should be assessed in relation to the benefit. These drawbacks should be compared to the 
drawbacks of the actual practice and any alternatives. 
 
Attribute 3: Patients: Quality of Life 
 
14: Does the search regarding the introduction of the technology indicate that it will influence the patient´s quality of life, social-, or employment 
situation? 
Please state if – and if so how – the search indicates that the patient‘s quality of life, social-, or employment situation is expected to be affected by 
the proposal. The considerations should be related to actual practice and any alternatives. 
84 
 
Attribute 4: Patients: Satisfaction with experience 
 
13: Does the search regarding the introduction of the technology indicate that the proposal entails any special ethical or psychological considerations? 
Please state ethical and psychological aspects of the proposal. It should be stated if the proposal could affect the patient‘s experience of insecurity, 
discomfort, or anxiety. The considerations should be related to actual practice and any alternatives. 
 
Attribute 5: Organisation: Impact on staff and work environment 
 
15: What are the effects of the proposal on the staff in terms of information, training, or working environment? Please state the derived staff-
related aspects of the proposal, including which staff groups will be affected by the implementation of the proposal. Possible consequences should 
be stated in relation to need for information and training and influence of working environment. 
 
Attribute 6: Organisation: Effect on Internal Collaboration 
 
17: Will the proposal affect other departments or service functions in the hospital? 
Often a proposal will entail changes in the cooperation between the department of the proposer and other departments. If this is the case, please 
state in which way it is expected to affect them. It may be a question of changed collaboration pattern, work load etc. 
 
Attribute 7: Organisation: Effect on External Collaboration 
 
18: How does the proposal affect the cooperation with other hospitals, regions, the primary sector etc. (for instance in connection with changes of 
the requested care pathway)? 
A proposal can often change the cooperation with other sectors – for instance that the referral criteria are changed. If this or something else is the 
case please state changes of the requested care pathway, including the location of the preliminary examination, treatment, and post treatment 
course. 
 
Attribute 8: Economic: Start-up Costs 
 
21: Are there any start-up costs of equipment, rebuilding, training etc.? 
Please state the expected start-up costs. The costs may cover rebuilding, new equipment, training, preparation of guidelines or patient information 
etc. 
 
Attribute 9: Economic: Net Financial Outcome (2 year horizon) 
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22: What are the consequences in terms of activities for the next couple of years? 
Please state the consequences in terms of activities per year, for instance how many patients the proposal is expected to involve within the next 
couple of years. (The number of patients is often lower the first year due to a start-up phase). Depending on circumstances, consequences in terms 
of activity may be assessed based on number of patients, number of discharges, number of outpatient clinic visits, number of bed days, case-mix 
etc. 
 
Attribute 10: Economic: Net Externalities 
 
25: Which additional or saved cost can be expected for other hospitals, sectors etc.? 
If the proposal results in expenditure or a saving for other hospitals, regions, the primary sector or the patients etc. please state this. 
 
In the final section of the Review we demonstrate how these 10 attributes and the associated performance ratings can be incorporated into an 
MCDA translation of the mini-HTA as the graphic and interactive form of presentation that has been called for by many. 
 
 
 
The AHRQ toolkit 
 
A very useful Health Information Technology Evaluation Toolkit (2009 update) including 5 examples of comprehensive evaluation of health 
information technologies has been produced by the Agency for Health Research and Quality  [Cusack, C., Byrne, C., Hook, J., McGowan, J., Poon, E., 
and Zafar, A. Health Information Technology Evaluation Toolkit: 2009 Update Agency for Healthcare Research and Quality, 2009. ] (www.ahrq.gov)). For 
each domain (Clinical Outcomes; Clinical Process Measures; Provider Adoption and Attitudes Measures; Patient Adoption, Knowledge and 
Attitude Measures; Workflow Impact Measures; and Financial Impact Measures), it includes a table of possible measures, suggested data sources, 
cost considerations, potential risks, and general notes. In addition, it includes links to sources that expand on how these measures can be measured, 
with references in the literature. 
 
 
 
 
 
 
APPENDIX 10  RATINGS FOR EMPIRICAL STUDIES 
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ES RATINGS Cont Rel Curr Rel Int Qual Ext Qual Design Setting Nurses Focus Connect Handheld 
O´Connor et al 09 10 7 9 9 des icu spec ut/att wifi bb 
Chien et al 09 9 Na 9 9 sim hos all mul tab all 
Junglas 09 9 7 8 8 mix hos rn att no  all 
Mohammed et al 09 9 8 8 8 pxpp surg rn doc no pc 
Polen et al 09 9 8 8 8 des all all ref no all 
Vandenkerkhof et al 09 9 7 8 8 mix hos rn ut/att/eff wifi voc 
Rivera et al 08 9 6 8 8 mix hos rn ut no  all 
Doran et al 2010 9 9 9 8 pxp hos all att/ut no all 
Rodriguez 09 10 ? 8 7 rct hos rn doc/att/o no pc 
Momtahan et al 07 9 3 7 7 tri hos rn ut no palm 
Tassani et al 07 9 5 8 7 poc hos rn feas no palm 
Andersen et al 09 9 8 8 7 mix hos rn ut no cow tab 
Doran et al 07 8 5 7 7 mix hos home rn mult wifi uns 
Dollarhide et al 07 8 6 6 7 xo hos rn/nsp saf no palm 
Park Chen 07 8 6 8 7 des hos all att no all 
Yi et al 06 8 5 6 7 des com no  att no no 
Williams 09 9 5 7 6 pxp hos ug ref/att no uns 
Scollin et al 07 9 6 7 6 mix hos ug att no palm 
Carlton et al 07 9 6 5 6 des hos ug/fac mul wifi pc 
Lee 07 9 4 7 6 qual hos no/pt att no all 
Lee 06 9 5 7 6 qual hos adm att no pc 
Wu Lai 09 9 7 7 6 mix hos/psyc ug att all pc 
Di Pietro et al 09 9 6 7 6 mix hos/com rn ut/att no all 
Junglas et al 08 9 7 8 6 mix hos st eff no  uns 
Zhang et al 2010 9 6 7 6 mix com rn att  wifi pc 
Wu Liu Dong08 9 Na 7 6 case hos all eff wifi pc 
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Stroud et al 09 8 5 7 6 des all np ut/att no uns 
McGee-Lennon et al 07 8 4 7 6 mix hos ap ut no pc 
Yu Houston07 8 5 8 6 epi hos all mul all all 
Berglund et al07 7 5 6 6 qual hos rn/ug all all uns 
Greenfield 07 7 4 7 6 tri hos ug med no uns 
Farrell Rose 08 7 5 7 6 mix hos ug  ref no  pc 
Bauldoff et al 08 7 6 6 6 des all ug edu wifi pc 
Garrett Klein 08 6 6 6 6 des hos/com np att no uns 
Coopmans Biddle 08 6 6 6 6 des orth sp ut no pc 
Newman House 07 9 6 6 5 pxp hos ug att no all 
Somoza et al 07 9 3 6 5 pxp hos/acut rn doc/cog no palm 
Sallas07 9 6 5 5 case hos rn ut no all 
Alegent Health07 9 6 5 5 mix hos rn eff no tab 
Pattillo et al 07 8 5 6 5 tri hos ug ref no pc 
Dykes et al 07 8 6 9 5 tri in rn ut/att wifi pc/tab 
Kuiper 08 8 6 6 5  hos ? cog ? pc 
Kuiper 2010 8 7 6 5 xp/nc hos ug att no pc 
Mihailidis 06 5 5 5 5 o hos rn att uns uns 
Bogossian09 9 7 5 4 mix hos ug att no tab 
Brubaker et al 09 8 8 5 4 xp/qu card ug ut/att no palm 
Brock Smith 07 8 4 7 4 pxp sp no/pt pat no pc 
Smith et al 05 8 4 7 4 pxp out pt no/pt pat no pc 
Garrett Jackson 2006 6 5 5 4 5? hos pg edu wifi pc 
Goldsworthy 2006 5 5 5 4 o hos rn att no pc 
Faulk Savitz 09 8 8 5 3 des ic sp att no  uns 
Koeniger-Donahue 07 6 5 4 3 des com pg/ne ut no palm 
Hardwich et al 07 6 5 4 3 des orth res eff no palm 
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ES RATINGS EFc Efh SAc Sah QLc QLh STc STh Wc Wh IRcr Irh ERc Erh SUc Suh FOc FOh EXc EXh 
O´Connor et al 09 7 8 7 8 0 0 0 0 9 8 9 8 0 0 8 8 8 8 5 7 
Chien et al 09 9 9 9 9 0 0 0 0 8 8 9 9 0 0 0 0 8 9 0 0 
Junglas 09 5 5 5 5 0 0 5 5 8 8 8 5 0 0 0 0 0 0 0 0 
Mohammed et al 09 9 9 9 9 0 0 0 0 8 8 9 9 0 0 0 0 8 9 0 0 
Polen et al 09 0 0 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Vandenkerkhof et al 09 9 3 9 3 0 0 0 0 9 3 9 3 0 0 0 0 0 0 0 0 
Rivera et al 08 9 9 9 9 0 0 0 0 5 5 5 5 0 0 0 0 9 9 0 0 
Doran et al 2010 9 8 9 8 0 0 0 0 9 8 9 8 0 0 0 0 5 5 0 0 
Rodriguez 09 8 8 9 9 0 0 0 0 8 8 7 7 0 0 8 8 0 0 1 1 
Momtahan et al 07 9 7 9 8 0 0 0 0 9 7 9 9 0 0 0 0 0 0 0 0 
Tassani et al 07 9 9 9 9 0 0 0 0 9 9 9 9 7 7 1 1 0 0 0 0 
Andersen et al 09 9 6 9 6 0 0 0 0 9 6 9 6 0 0 0 0 0 0 0 0 
Doran et al 07 6 6 7 8 0 0 0 0 8 7 3 5 0 0 0 0 0 0 0 0 
Dollarhide et al 07 5 5 9 9 0 0 0 0 7 6 9 8 0 0 0 0 0 0 0 0 
Park Chen 07 0 0 0 0 0 0 0 0 9 9 0 0 0 0 0 0 0  0 0 
Yi et al 06 5 5 5 5 0 0 5 5 8 8 8 5 0 0 0 0 0 0 0 0 
Williams 09 8 8 8 8 0 0 0 0 0 0 5 5 0 0 1 1 0 0 0 0 
Scollin et al 07 7 7 8 8 0 0 0 0 6 6 8 6 0 0 0 0 0 0 0 0 
Carlton et al 07 9 9 9 9 0 0 0 0 8 8 9 9 0 0 8 5 0 0 0 0 
Lee 07 7 7 7 7 5 5 9 8 6 6 5 5 0 0 0 0 0 0 0 0 
Lee 06 6 6 6 6 0 0 0 0 8 5 8 5 0 0 0 0 0 0 0 0 
Wu Lai 09 8 8 7 8 0 0 7 7 9 8 8 8 5 5 1 1 0 0 0 0 
Di Pietro et al 09 9 8 9 8 0 0 0 0 9 7 0 0 0 0 7 3 0 0 0 0 
Junglas et al 08 9 9 6 6 0 0 0 0 9 7 9 7 0 0 3 3 0 0 0 0 
Zhang et al 2010 5 5 5 5 0 0 5 5 8 8 8 5 0 0 0 0 9 8 0 0 
Wu Liu Dong08 9 9 9 9 0 0 7 7 8 8 8 8 0 0 0 0 5 5 0 0 
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Stroud et al 09 8 7 8 7 0 0 5 7 7 6 3 5 0 0 0 0 0 0 0 0 
McGee-Lennon et al 07 8 8 8 8 0 0 0 0 9 7 9 7 0 0 1 1 0 0 0 0 
Yu Houston07 9 5 9 5 5 5 5 5 8 6 8 6 0 0 0 0 5 5 0 0 
Berglund et al07 3 7 3 7 0 0 0 0 5 7 6 7 0 0 0 0 0 0 0 0 
Greenfield 07 3 8 7 8 0 0 0 0 5 7 0 0 0 0 0 0 9 9 0 0 
Farrell Rose 08 5 4 7 7 0 0 3 4 7 7 8 8 0 0 1 5 0 0 0 0 
Bauldoff et al 08 7 8 7 8 0 0 0 0 9 8 9 8 0 0 5 5 0 0 0 0 
Garrett Klein 08 8 8 8 8 0 0 0 0 9 8 9 9 0 0 0 0 0 0 0 0 
Coopmans Biddle 08 7 8 9 9 0 0 0 0 9 7 0 0 0 0 0 0 9 7 0 0 
Newman House 07 6 6 6 6 0 0 0 0 6 6 5 5 0 0 5 5 0 0 0 0 
Somoza et al 07 8 7 8 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sallas07 6 6 6 6 0 0 0 0 9 7 9 7 0 0 0 0 0 0 0 0 
Alegent Health07 9 9 9 9 0 0 0 0 9 7 9 7 0 0 0 0 9 7 0 0 
Pattillo et al 07 5 7 6 8 0 0 0 0 7 7 0 0 0 0 3 0 0 0 0 0 
Dykes et al 07 6 6 8 8 0 0 0 0 7 6 6 6 0 0 4 0 0 0 0 0 
Kuiper 08 6 5 6 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Kuiper 2010 6 6 6 6 0 0 0 0 8 7 6 5 0 0 1 1 0 0 0 0 
Mihailidis 06 3 7 3 7 0 0 0 0 3 7 3 7 0 0 0 0 0 0 0 0 
Bogossian09 9 6 9 6 0 0 0 0 9 6 9 6 0 0 0 0 0 0 0 0 
Brubaker et al 09 7 7 8 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Brock Smith 07 9 7 9 7 0 0 9 9 8 8 7 8 0 0 3 3 0 0 0 0 
Smith et al 05 9 7 9 7 0 0 9 9 8 8 7 8 0 0 3 3 0 0 0 0 
Garrett Jackson 2006 3 3 3 5 0 0 0 0 7 3 7 5 0 0 3 0 0 0 0 0 
Goldsworthy 2006 5 6 7 6 0 0 5 6 8 7 0 0 0 0 0 0 0 0 0 0 
Faulk Savitz 09 3 6 3 6 0 0 0 0 7 6 7 6 0 0 0 0 0 0 0 0 
Koeniger-Donahue 07 8 8 8 8 0 0 7 7 8 8 6 6 0 0 0 0 0 0 0 0 
Hardwich et al 07 7 7 7 7 5 5 9 7 8 7 0 0 8 8 8 5 0 0 5 7 
 
